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PHILOSOPHY 

4 You Take 
from Life 
Only that 
which you can 
Perceive 
Assimilate and 
Appreciate — 

Only that 

which you 

may Contribute 

to 

Another’s 

Understan ding 
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T.O.M. Sopwith’s 
Endeavour I 
at Herreshoff’s 


Yard, Bristol, R. I. 
HHH Photo 


The little 
third-way 
mast is a 


bundle 
up the 
man. 


Sea Steel 
Marine 
Fittings 


small blocks 
special fit- 
tings shown 
below are but a 
few of thousands 
or more Sea Steel 
patterns. Sea 
Steel is a Super 
Stainless Steel, 
exceeding 
Navy Specifica- 
tions, developed 
by General Alloys 
and specified on 
the finest yachts 
afloat. 


The 


CORROSION RESISTANT CASTINGS 


oer 


he large pump impeller shown below is a “Triple Vein" 
ype, a closed impeller with veins inside and out, an engi- 
eering foundry job. The small one is a pocket size over- 
ung impeller “Swastika” model. Both are Q-Alloy CN 1. 


for two rails weighs 


Wf this rigid tray 


100 Ibs.—then—_ 


F pictures appeal to you, try and remem- standardized on General Alloys SEA § 
ber a better one than our cover this issue. marine fittings. Note the fittings jy) 
A lot of thought, study and thirst for truth as far above steel foundry practice as 
is distilled to my few words on that picture. making excells blacksmithing I 
If you want a copy, unfolded, write for it. castings must be clean metal. Met! 
Also write for Booklet “Your Vacation in cleanliness, first perfected in Q-A 
New England.” extend fatigue resistance. places | 
M* yen for philosophy began early. Aged Alloys beyond competition ‘ 
six, at Ormond Beach, Florida, I quer- I RECENTLY heard a beautiful «eo 
ried my true-blue-black “Mammy.” “Aunty a five octave Carillon wi 
Posey,” I asked, “is it true that little Boys selections from Carmen at higt 
are made of Snakes and Snails and Puppy- the bell tower of Chas. B. King’s 


dogs’ tails, and little Girls are made of Sugar 


estate at Larchmont Mr. King } 


and Spice and every thing nice?” . “Wal, between a castle, a museum. Ind 
Honey Chile, it takes two-uns to make a and the Patest 
sin,-so—either deres jus’ as menny little 


working models of intricate st ‘ 


gals a sinnin’ as little boys, or them as does 
A Pearl of Wisdom 
The 


iine engines, a one-quarter scaly 


sin, sins double from 


tor, an eighth scale ve 


a Mountain of humanity. mathematics 


of morality. 


IKE” Vanderbilt's Ranger busy 


proving herself in trial races, against 
Yankee and Rainbow, as the logical defender 
of the America’s Cup. r.O.M. Sopwith, 


British Challenger, now sailing trials on his 


two Endeavours, is much perturbed because 
bathtub, threatens to 


bawths”™ 


and 


has no 


the 


Ranger 


from his 


pull “blooming 


Endeavours. 


mean 
that 


costing only 


VEN an extra ounce of weight 
defeat the 
“World's most coveted 


S500, but inspiring the expenditure of 


mas 


forthcoming race for 


rrophy,” 


many 


millions. Extra weight is also costly in 
alloy parts, which often cost much more to 
run because they cost less to buy. Railroads, 


we are told, are not run with dollar watches 


“SLATS” SLENSBY & MAJOR 


cannon, Spanish bells, s! 


brocades, Htalian iron, at 
carving, all this, reams, tons 
it, filling rooms of a huge ' 
with store-size plate glass 
looking the sound, and a d-w 
King abhors the con 
“Re-snouting™” a Lincoln Zep! 


a f and cowling a la King. |! 
4 a kick out of anything 
industrial museum of I! work 
INGS like a Bell” 
; of G. A. Castings ! “ 
a for our bells is increas ‘ ¢ 
motive bells, ships’ bells. OF 
to A. Atwater hent of 
yacht “Dolphin,” is illus' 
_" HTING supports the finest group olf matching Sea Steel Fit 
craftsmen in America. Herreshofls, at LATS” Slensby. 
Bristol, R. L, Lawley’s at Neponset, Mass., Alloys unequall 
Bath Iron Works at Bath, Me., all world Milwaukee, came into ! 
famous yacht builders, carry forward the dope on our new trays 
traditions of world champions for genera- nisms. “Slats” is her 
tions. Such New England Craftsmanship, ing Major, who report " 
enhances the products of such companies as his heels came “Jerry 
Pratt & Whitney, Brown & Sharpe, General cago, who claims hr 
Alloys, permitting jobbing manufacture on a “vacations” in his els 
precision and quality basis, and supplying eral Alloys, and is no‘ ‘ : 
tools that control quality in the production No. 3° with Mrs. J » 


have Canada. 


and Herreshofl 


9 


industries. Lawley 


| 
‘ 
hd 
i 
oe 
1 
It 


pOP LINDBERG WILL LEAD 
WHEEL CHAIR PARADE AT AT- 
LANTIC CITY STEEL SHOW, Oct. 18-22 


and X-ite cast chain is replac 
x ged chain at high temperatures 


s reasons The softer, high elonga- 
which forge easily, also stretch 
too soft for maximum wear If 

ged chain is “getting-by.” a lighter, 
ger G. A. cust chain will do the work 
writer has just been allowed a Patent 
ss ating the interior of car 
£ iiners with metals and alloys 
art wnetration, thus materially 

é brittlement and fatigue fail 
wall carburizing containers. This 
large installations, will 
ally the life of those thin cast 
Which have already cut the 

sheet boxes about 46 

i ge H. Porter, of Cleve 

ives another large gap in the 

Nd Ti Steel Treaters, those stal 
science to blacksmith 

teel user could compet 


sion with the 


big labora 


OPEN FACE SPIRALINK 


we will the 


Eliphlop, two charm 


reveal 


prising our first, and 


artoon 


nh Germany, has 
Harvester 
Works to 


xetting lowest-heat- 


ing 
ternational 


German 


im results, from 
bring back data on 
Nils Nordicing around 

hardening, «a good 


DITORIAL 
being Fathers’ day, no doubt the occa 


in Boston Traveler: “Today 


sion requires editorial comment. After long 
consideration of the subject we have come 
to the conclusion that this newspaper is in 


favor of Fathers and believe they should be 


continued.” 


N'* 


now 


OPEN FACE 
available, 
X-ite 
light 


SPIRALINK. 
the 


Phere 
Spiralink 
hearth of 


of 


Is 
under 
patent, a 


new conveyor 


exceptionally weight with its 
Clearances 
of 


three 


cross sectional area in tension. 


are opened up from the 1 16” 
Standard Spiralink to 
inches, with 
Ideal heat 
able 


size work that won't fall through the spaces 


the 


or 


one, two, or 


three inches 


the 


pitch from up 


transmission and most dur 


conveyor known for handling medium 


FART that build-up with the Boss, now, 
so he'll send you to the Steel Show in 
October at Atlantic City. 


DONOVAN 


EFRESHINGLY unique is the bulletin of 
the Wesley Steel Treating Company, of 
Milwaukee, in which Charles Wesley, Jr., 
succeeding upon the untimely death of his 


father to Presidency of his company, pledges 


and his associates to Carry-on unde 


the Wesley, 


himself 


photographs of late Charles Sr.. 
ork 
stull 
photo of 
kidder, 


in hand \ 


and at play Informal, human, 


With permission 
Wesley, Sr., 


at ou 


virile we reproduce 


Mr 


always a 


stulled 


great 
rod 


of a 


standing by a fish with 


most appropriate 


regular guy. 


OMPETITIVE™ salesman who doesn't 


believe in his company buying A.S.M 
advertising because he can’t drink it, was 
apologizing for his “low” prices; “Our stufl 
otta cost less than General Alloys, lukkut 
that bird Harris flying around in airplanes, 
somebody has to pay for that.” That put 
ticular salesman’s grandchildren may fly 
airplanes, if crossed with a stronger breed; 


meanwhile 


und photographed by H. H. H. 


maybe you'd like to economize 
by trading your car in on a plane Facts: 
Foledo to Milwaukee, 2 Hrs. 20 Min. on 20 
dals. of gas. Just modern transportation, 
Se per mile. 

If you are an A.S.M. member living in 
Dayton, Columbus, Worcester. or Peoria we 
will send you an 8x10 enlargement of ihe 
above picture of your city, on request, with 
ur compliments. Above Skyviews flown 


will weigh approximately 48 


re Substitute for Cxperience” 
| Mee, 
will weigh approximately 60 Ibs. A three hinge 5-rail tray » |. 


THE QUALITY NAMES IN ALLOY 
FOR HEAT CORROSION ABRASION 


Jick 


w 


Motors. Pratt & Whitney Motors are made 


rrill ¢ a > th their ocean spanning plane powered by Pratt & Whitney 
Merrill & Lambie with the wre I I Pratt & Whitney knows no compromise 


from parts carburized and heat-treated in Q-Alloy containers, trays and fixtures. 
with quality Photo courtesy Aero Digest, Signed by Merrill in Boston). 


ton to swell their scholarship { 
children of Pilots killed in fig 
and his Co-Pilot, Lambie, flew 


up from New York, devoted «a 


U. S. Navy 
“Air Ports” 


ning, including dancing and 


(Portholes just to make the little part 
to you) Merrill is the only pilot eve ah 
forced landing of a transp 
Made loss of life. The Radio Bea 
under and Dick's testimony was 
Navy the Dept. of Commerce took t! 
Specs this one. The other pilots, dead 
CRS5 
No. 
46S27a 


CHARLES WESLEY, Sr 


mead balls dropping on his porch and 
lawn all day Sunday have become so 
serious that Bill Fitzpatrick, General Alloys 
Philadelphia Representative, has taken to 
spending his Sundays at Atlantic City. Mrs. 
Fitzpatrick does not want to be a_ Golf 
Widow, but with a little urging she would 


make a good pilot. 


—" never heard any Furnace Salesman 
say his company was using a_ better 


alloy than X-ite. If it’s not X-ite it’s a ten THE “BILL” ———- 


to one bet that it’s a common 35-15, costing 


REMARK ABLE DUC | {| | | y about 3c per Ib. less and certain to give you testify. I've ridden on those! 
a year or two less service. Specify General they were screwy 45 ! ' 


weathe 


Alloys Castings when you buy furnaces still half-baked, 


Note the tiny wire-like “whistlers on this 

. in rac from le oronation, was HIS is written on' 
casting ductile as wire that can be low over writer, Barnes Al t. Wes 
i 5 after passing close over the Yacht Guardian. while we wait for th 
twisted, braided and knotted. a hili-tops. This spot looked & 


When crossing the n 


| . Reserve Field, with radio out of order, a 

| of highest physical perfect blind flight. Brought safe across the above the “soup,” I's 

ties and good machining qualities in super-stainless Atlantic by his Pratt & Whitoey Wasp valley —Q@ue for Springfield’ | 

steels. Motors, 100% heat-treated in Q-Alloy con- near the — 
the high school ba Thy 


tainers, fixtures and X-ite equipped furnaces, 
i or » Chu 
(Heat from which this casting was Merrill sets new records. The “99 Club,” ae gars - yen 1 


for the night heard 


made pulled 96,000 pounds.) Women Pilots, gave a hangar party in Bos- steer us in. 
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REBUILT for 
RETURNS 


Result of Relining 
This Furnace with 


and INSULBLOX 


¢ Pays for Itself First Month 

¢ Karns 13 Times Its Cost Yearly 

¢ Handles 1300 lbs. More Metal Daily 
¢ Saves 300 Working Hours 


It cost a manufacturer only $193.71 to reline his gas fired furnace with 
INSULBRIX 2600 and INSULBLOX. This modernization brought his heat treat- 
ing cost down from 34c to 1l5c per 100 lbs. of metal. Boosted daily output 
from 3500 Ibs. to 4800 lbs. He now gets 8 heats instead of 7—100 lbs. more 
per charge —and a one hour shorter working day. In one year the installa- 
tion pays him back $2736—a net profit of $2542--an investment with a 
1300% dividend! 


You might get even better results! 


Send for Bulletin MP 326 


ee 2.600: service temp. up to 2,600” F. Developed for heat- INSULBLOX refractory block insulation used for direct exposure 
—— nnealing, and other types of fuel fired and electrically to 2,000° F. or in back of thin furnace linings up to 2,200 F.; hence 
“ected furnaces; as well as waste heat boilers, flues; also oil stills, INSULBLOX permit moving insulation 300-500 F. nearer to the fire 
— 2. baking ovens; etc.-1/17 heat storage capacity of heavy The heat storage capacity of INSULBLOX is ordinarily about one 
—— nes for same heat flow; 1” has insulating value of 5” of sixtieth that of fire brick for the same heat flow. 1” thickness of! 
yang z INSULBLOX is equal in insulating properties to about 9” of fire 
“so available: INSULBRIX 3,000 and INSULBRIX 3,000-SUPER. brick. 


_ 56 W. 45th Street, New York, N. Y. : eh 


_Mokers of HYTEMPITE, "The World's Standard High Temperature 


with Stocks and Service im Important Industrial Centers throughout the United States, Canada, and ie 32 other co 
la . Q. 
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HELPFUL LITERATURE 


Heat Treating 


A folder bv Industrial Heating 
Equipment Co. explains and illus- 
trates diagrammatically a_ continu- 
ous type heat treating furnace in 
which temperature can be held to 
within extremely close limits, and 
in which the product is always uni- 
formly heated. Bulletin Ga-168. 


Free Cutting 


Jones & Laughlin Steel Corp. has 
published in booklet form a paper 
presented to an eS chapter meeting 
cn “Free Cutting Steel” by H. W. 
Graham, general metallurgist. Bul- 
letin Ga-50. 


Streamlined 


Streamlined is what The Titanium 
Alloy Mig. Co. calls a new manga- 
nese-titanium steel. It is strong, light 
and economical and is excellent for 
railroad side frame castings. Bulle- 
tin Ga-90. 


Sheet Metal Guide 


If you work with sheet metal you 
will be sure to want this 63-page 
bocklet by United States Steel Corp. 
It is chock-full of helpful hints and 
useful practical information on gal- 
vonized, black, terne and stainless 
steel sheet. Bulletin Ga-79. 


Optical Aids 


Bausch & Lomb’s new catalog lists 
and describes the instruments and 
accessories that are especially use- 
ful in the metal working industries, 
such as the toolmakers’ microscope, 
the wide field binocular, the shop 
microscope, and the Brinell micro- 
scope. Bulletin Ga-35. 


Seamless Tube 


Excellent illustrations are com- 
bined with clearly written text to 
portray the wide variety of seamless 
flexible metal tubing made by 
American Metal Hose Branch of the 
American Brass Co. Bulletin Ga-89. 


Sub-Zero 


Data on low temperature proper- 
ties of nickel alloy steels are as- 
sembled by International Nickel Co. 
for the convenience of those inter- 
ested in constructional steels to 
withstand sub-zero temperatures. 
Bulletin Ga-45. 


Safety in Oxwelding 


A revised edition of “Precautions 
and Safe Practices” in the care and 
handling of oxy-acetylene equip- 
ment has been prepared by The 
Linde Air Products Co. This booklet 
is regarded as a standard reference 
on this phase of safety in industry, 
and this latest edition contains some 
new suggestions required by ad- 
vances in the oxy-acetylene process. 
Bulletin Mx-.63. 


Heating Units 

Here, in one small book. are the 
answers to the hundreds of small 
heating problems that arise daily in 
industrial plants. General Electric 
Co. catalogs a wide enough variety 
cf heating units and devices to sat- 
isfy almost any conceivable heating 
requirement. Bulletin Ga-60. 


Air Heaters 


The type cf gas-fired air heater 
described in this folder is applicable 
to japanning, core and mcld baking. 
ename! finishing, and many other 
industrial baking or drying processes 
at temperatures up to 550 F. Gen- 
eral Combustion Corp. Bulletin Ga- 
166. 


Radiant Tubes 


A brief story of the Surface Com- 
bustizn horizontal gas-fired radiant 
tube heating element is accompa- 
nied by phctographs and pertinent 
data for a hardening furnace and 
for a drawing, annealing and nor- 
malizing furnace installation. Bulle- 
tin Ga-5l. 


New Joining Frocess 


Metal parts are joined cheaply. 
neatly and strongly by Electric Fur- 
nace Co.'s new, inexpensive non- 
cxidizing furnace atmosphere and 
their new, continuous brazing, cop- 
pering and soldering furnaces. Full 
details are given in Bulletin Ar-30. 


Hump Hardening 


All three vital factors in correct 
hardening are completely controlled 
by the new Vapocarb Hump method 
of hardening. which is well de- 
scribed in a Leeds & Northrup bul- 
letin. The three factors are: Quench 
peint, rate of heating. and furnace 
atmosphere. Complete details cre 
given in Bulletin No-46. 


Chapmanizing 


Chapmanizing, the new method of 
surface hardening steel with nitro- 
gen. is described in a very attrac- 
tive booklet of Chapman Valve Mig. 
Co. Information is given out on the 
method itself and on its metallur- 
gical advantages. Bulletin Ob-80. 


Thermit Welding 


Metal & Thermit Corp. offers a 
new bocklet showing all the possi- 
bilities of Thermit welding. explain- 
ing the action, and telling in detail 
how representative Thermit welds 
can best be made. Well illustrated 
and clearly written. Bulletin Ar-64. 


Pyrometer Accuracy 


A thought-provoking folder of Hos- 
kins Mfg. Company explains how 
the use of Chromel-Alumel for py- 
rometer lead-wires makes it possible 


to take full advantage of modern 
pyrometric instruments. Bulletin Ob- 
24. 


Vanadium Facts 


Revived after nearly 20 years is 
the house organ of Vanadium Corp. 
ef America, “Vanadium Facts.” This 
paper shows considerable thought 
and care in its preparation and con- 
tains valuable and interesting in- 
fcrmation on vanadium steels. Bul- 
letin Ox-27. 


High Speed Furnace 


American Gas Furnace Co.'s im- 
proved high speed furnace provides 
atmosphere control, combustion con- 
trol, speed, economy, and clean, 
hard work. Clear and complete de- 
ecription is given in Bulletin Ny-11. 


Vertical Carburizer 


The Hevi Duty electric ve-tical 
retort carburizer is particularly ap- 
plicable to intricate parts and selec- 
tive carburization, where diz:tortion 
must be held to a minimum. It is 
described in Bulletin My-44. 


Easy Flow Brazing 


Handy & Harman's Easy-Flo Braz- 
ing Alloy. a recent development, 
is recommended for joining stain- 
less steel and iron, Monel metal. 
Inconel, Everdur and other ferrous 
and non-ferrous metals. Briefly de- 
scribed in Bulletin Ny-126. 


Electric Salt Baths 


Literature is available from Bellis 
Heat Treating Co. describing elec- 
trically heated bath furnaces which 
are economical to operate and have 
a wide range of applications in 
hardening. annealing. and heat 
treatment of high speed steel, stain- 
less steel, nickel, aluminum, copper 
and bronze. etc. Bulletin Ny-48. 


Tempering Furnace 


Technical details and operating 
data on Lindberg Steel Treating 
Co.'s new Cyclone electric temper- 
ing furnace, which has shown a re- 
markable performance record in steel 
treating operations, are given in 
Bulletin Fx-66. 


Metal Surfaces 


A manual giving in detail methods 
for the application of sodium cy- 
anide solutions in the preparaticn of 
metal surfaces is announced by the 
R. & H. Chemicals Department, E. I. 
du Pont de Nemours & Co. Bulletin 
Ba-29. 


Blast Cleaning 


So many changes have taken 
place in blast cleaning and dust col- 
lecting equipment in the past three 
years that Pangborn Corporation's 
“quick reference” catalog of ccn- 
densed information will be invalu- 
able to all those interested in this 
subject. Bulletin Jy-68. 


Chain 


Interesting information on chain 
and belt conveyors for use a high 
temperature may be had by senq 
ing for a new illustrated bullet: 
by Michigan Steel Casting Co. 3, 
letin Dy-84. 


Heat Treating Manu! 


A folder of Chicago Flexible Sho 
Co. contains conveniently arrance: 
information on heat treating equiz 
ment for schools. laboratories on: 
shops, and also illustrates the sey 
eral types of Stewart industria! {; 
naces. Bulletin Ar-49. 


Refractory Blocks 


Light-weight, low he2t  storace 
insulating refractory blocks know 
as “Insulblox” for reducing hee 
storage and radiaticn losses at ope: 
ating temperatures up to 2200 
cre described in a folder by Quisle 
Co. Bulletin Ea-139. 


Limitrol 


An automatic shut-off instrumes 
designed for use with or withou 
controllers of any type to protec 
furnaces and furnace loads from e 
cessive heating due to a weakness 
in control or failure in switching op 
paratus is described by Wheelco |r 
strument Co. Bulletin Ea-!!0. 


Induction Furnaces 


ovublication of Ajax Electro 
thermic Corn. tells of the develoy 
ment, operating principles. app! 
cations, and advantages of com 
mercial Ajax-Northrup coreless 
duction furnaces energized by molc! 
generator sets. Also information r 
garding standard sizes of molo 
generator sets and furnaces. 
letin Jr-41. 


Alcoa Notes 


“Alcoa Random Notes” is the © 
triguing title of a iittle monthly 
paper got out by Aluminum \o ° 
America. A request for this >¥ 
letin will bring you a copy 
latest issue. Bulletin Ca-5¢. 


Corrugated Ingots 


The Gathmann Engineering 
has published a new bookie! cal 
“Gathmann Ingot Molds — The! 
pose and Design. It illustrates 
various corrugated ingot come 
designed to produce defect tree § 
face in steel ingots. Bulletin Ay): 


Foundry Metallogra! 


Today's engineering cast 
structure-controlled 
The E. Leitz simp! 
legraph MM.-2 is par arl 
to foundry applica! 
47. 


enc 


letin 


Some of the Best Chinking 


ts the meta! industries is at your disposal 
in the litercture described here. One book- 
let may bold the key to your current prob 
lem. Help yourself to this helpful literc- 
ture. Its tree. You incur no obligation 
when you return the coupon. 


Moly Matrix 

Climax Molybdenum Co.'s little 
aper contains many 
informative articles. 
issue—Bulletin Ax-4. 


thiy 
wsp 
sna 


nieresung 
et the ctest 


Hy Speed Case 
5 striking and interesting new 
scklet on Hy-Speed Case has just 
shed by the A. F. Holden 
ypica!l applications and results 
Bulletin Fa-SS5. 


Welding Instruction 

A complete training school in arc 
maintained by the Lin- 
ectric Co. in Cleveland. A 
te description of the course 
scluding duration. registration and 
in an illustrated book. 


Air Weight Control 


An illustrated booklet of sure-fire 
erest to the foundry trade has 
een issued by The Foxboro Co. 
1 detail the advantages 
ir weight controller” which 
n use ct many of America’s 
ecding foundries, named in the pub 
ction. Bulletin Ea-21. 


Copper Bulletin 


A new clearing house for news of 
velopments in brass, bronze. and 
t, the “Copper Alloy Bulletin 
ued by the Bridgeport Brass Co. 

ts appecrance with the March 
sue. It is edited for the technica! 
engineering audience. Bulletin 


Turbo-Compressors 
opencer 
pressors 


Turbine Co. has turbo 
in all sizes and types 

and gas-fired furnaces. ovens 

foundry cupolas. Special types 
specia! purposes such as gas 

corrosion resisting appli 

— we ciso described in Bul 


Stainless Data Book 


“ users of stainless and heat 


*sisting alloys should find invalu-. 
nation contained in a 


Laboratory Service 


A new edition of “The Metal 
Analyst” tells about an organiza- 
tion established by Adolph L Buehler 
specializing in the installation of 
metallurgical laboratories. The com- 
plete line of laboratory equipment 
marketed by Buehler is also cata. 
logued. Bulletin Dy-135. 


Heat Resisting Alloys 


Authoritative information on alloy 
castings. especially the chromium- 
nickel and straight chromium al- 
loys manufactured by General Al 
loys Co. to resist corrosion and high 
temperctures. is contained in Bul- 
letin D-17. 


Stress-Strain Recorder 


The many applications of the Bald- 
win-Southwark stress-strain recorder. 
its unique advantages. and the 
many ways it can give unusual 
service will be extremely interesting 
to all who have to do with testing 
methods and equipment. Bulletin 
Ba-67. 


Nickel-Copper Steels 


Exceptional resistance to corrosion 
cnd abrasion. increased tensile 
strength. and higher ductility care 
the qualities claimed for Youngs 
town Sheet & Tube Co.'s new series 
of Yoloy steels. A summary of 
properties and notes on their char 
acteristics are contained in Bulletin 
Ox. 33. 


Photo-Electric Cells 


If you are not familiar with the 
wide field of applications for photo 
electric cells and apparatus. send 
for this very interesting and com 
plete booklet by Pialtz & Bauer. 
Inc. covering the original appa 
ratus developed by Dr. Bruno Lange. 
Bulletin Ca-142. 


Testing Machines 


An extremely handsome. spircl.- 
bound, segregated catalog tells all 
about the various hydraulic and 
screw power testing machines made 
by fTinius Olsen Testing Machine 
Co. Bulletin Oy-147. 


Newer Tool Steels 


Vulean Crucible Steel Co. has a 
complete and attractive catalog list 
ing their full line of tool steels in 
cluding many special types to meet 
the modern trends in industry. Bul 
letin Jy-127. 


Ni-Cr Castings 


Compositions. properties. and uses 
ef the high nickel-chromium castings 
made by The Electro Alloys Co. for 
heat. corrosion and abrasion re 
sistance care concisely stated in a 
handy illustrated booklet. Bulletin 
Fx-32. 


Dust Collector 


How the Schneible multi-wash 
dust and fume collector operates 
end what it does acre clearly shown 
in a catalog giving details on ex 


isting installations. Published by 
Claude B. Schneible Co. Bulletin 
Ca-161. 


Rustproofing 

How the Detrex method of solvent 
degreasing provides the advantages 
of speed. economy. and satisfactory 
cleaning before all kinds of rust 
proofing and finishing operations is 
pointed out in a leaflet by Detroit 
Rex Products Co. Bulletin Dy-111. 


Thermometers 


A complete catalog and price list 
with excellent illustrations covers all 
manner of thermometers and hy 
drometers, made by C. J. Tagliabue 
Mig. Co. Bulletin Fa-62. 


Spectrum Analysis 


The elements of both qualitative 
and quantitative spectrum analysis 
are contained in a handy booklet 
by Carl Zeiss. Inc. A price list 
covering all equipment is included. 
Bulletin Da-28. 


Alloy Castings 

Michiana Products Corp. has pub 
lished a new book describing Michi 
ena corrosion resistant and stainless 
steel alloys. Generously illustrated. 


Oxidation 


Designers confronted with oxida 
tion problems connected with crack 
ing coils. polymerization plants. su 
perhecters high pressure steam 
plants. air heating equipment and 
recuperactors will welcome a folder 
by Timken Roller Bearing Co. con 
taining data on oxidation at 1000 
1280 and 1800 F. Bulletin Ea-7! 


Rockwell Tester 


A revised and completely up-to 
date catalog on the well-known 
Rockwell hardness tester is well 
illustrated and contains 24 pages 
Published by Wilson Mechanica! 
Instrument Co.. Inc. Bulletin Ca-22 


Water Supply 


Modern design. sturdy construc 
tion. compact size. and light weight 
cre stressed as features of the water 
systems and pumps built by Roots 
Connersville Blower Corp. Described 
in Bulletin Ga-131. 


Protection Tubes 


The advantages of a die cast over 
@ sand cast pyrometer protection 
tube are described and illustrated 
by Driver-Harris Co. Stock sizes of 
Nichrome protection tubes cre listed 
Bulletin Ga-19. 


Grinding Lubrication 


A handy outline for the selection 
of grinding wheels is one of the 
useful features of a booklet full of 
facts about grinding solutions D 
A. Stuart 6 Co. Bulletin My-118 


Salt Bath 


Heating from the inside out is 
what makes the Ajax-Hultgren salt 
bath furnace practical. Ajax Elec 
tric Co. explains this new operating 
principle in an interesting folder 
Bulletin Oy-43. 


Testing with Monotron 


Shore Instrument 6 Mig. Co. offers 
a new bulletin on Monotron hard 
ness testing machines which func 
tion quickly and accurately under 
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NATURAL GAS— 


fuel for the fires of 


TEXAS INDUSTRY 


A natural gas furnace in the forge shop of a major Houston 
manufacturer of oil well tools. 


The availability of natural gas in unlimited quantities has been, 
is. and will be a decisive factor in the location of new industry 
on the Texas Coast. For natural gas is a Texas resource upon 
which rests the industrial utilization of numerous others. 

Natural gas is the most efficient of fuels. Its use eliminates the 
necessity of investing in expensive handling machinery and stor- 
age space. It is delivered to the consumer in a pipe and a valve 
controls its flow to the furnace; it is cleaner to handle and burn 
than any other fuel‘: its combustion is more easily controlled by 
automatic control devices: and its use materially reduces the cost 
of furnace maintenance. 

Natural gas from our system of pipelines is furnishing the heat 
energy for a wide variety of established industries. Combined 
with other resources, with markets at home and abroad. with 
exceptional rail, highway and water transportation facilities, 
natural gas gives these industries indubitable advantages over 
less fortunately situated competitors. 

Your own company cannot afford to overlook such advantages. 
Let us assist you in an investigation. Without cost or obligation, 
our Research Department will gladly prepare your company a sur- 
vey of the Texas Coast Country. individualized to your needs. 
‘ * Your request will be kept in strictest confidence. Address 
Houston Pipe Line Company, Petroleum Building, Houston, Texas. 


HOUSTON PIPE LINE CO. 


Subsidiary of Houston C 


Natural 


* Visitors to the Texas Coast Country invariably com- 
ment on the smokeless cleanliness of its industrial 
centers. 
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TANTALUM STEELS 


(Continued from page 56) 

Plain tantalum steels show no marked resistance: 
to corrosion under an intermittent salt spray test 
or when submitted to ordinary outdoor exposure 

Small amounts of tantalum have little effect on 
the properties of low manganese nickel steel. Even 
with further additions the action is mild: with 
1.75, of tantalum the properties are only slightly 
better than may be obtained by the addition of 
0.00° of manganese. Tantalum does not confer 
air hardening properties on the nickel steels. [ 
attainable — by 
quenching, and has only a slight effect in inereasing 
the hardness when cooled at slower rates, but it 


reduces the maximum hardness 


reduces the fall of hardness which occurs on tem- 


pering. also induces susceptibility to tempe: 
brittleness in nickel steel to an appreciable extent 

Experiments on the effect of tantalum on th 
nitriding steel showed that whit 
tantalum effect of 


increasing the depth of penetration of nitride abov 


properties of 
alone has the considerably 
that given by the commonly used nitriding steels, 
an extremely high hardness is not attained. Alloys 
containing a small addition of aluminum togethe: 
with tantalum or niobium gave, 
increase in hardness up to above 1000 Vickers with 


however, an 


no appreciable decrease in depth of penetratio: 

Tantalum carbide is known to be very hard and 
is being used commercially in sintered carbid 
tools for cutting hard and tough materials. Hence 
it appeared possible that the cutting properties ol 
a steel might be improved by the incorporation o! 
tantalum carbide in this way. Experimental stee!s 
utilizing molten white pig 
adding 


were therefore made, 
iron as the basis metal, by progressively 
ferrotantalum. ‘Tantalum carbide is formed as 
sharply angular crystallites. At 25° of tantalum 
the alloy consists substantially of tantalum carbid 
particles in a ground-mass of ferrite. Such ao 
alloy may take a sharp and hard edge, but ts use- 
less for cutting under pressure, owing to the poo! 
qualities of the ferrite bond. The ground-mass 
may, however, be strengthened in various Ways 
and experimental steels have been made which 
show remarkably good cutting properties when 
turning fairly hard steel. 

Working in the opposite direction, if carb 
ferrotantalum the carbide !s 
“pasty.” The 
and Is 


ms 


added to molten 
formed and the alloy becomes 
pletely carburized alloy is brittle when soli 
readily crushed to a fine powder. Iron and imper 
ties can be removed by 50° hydroehlo' 
leaving insoluble tantalum carbide. 


com 


This method 


» 
for the economical production of carbide 
employed on the laboratory scale with suc 
tests of the carbide in the form of sinte! 


are being made. 
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Compounding of Metal Powders 


HARLES HARDY, well known to many @ 

Chapters as an enthusiast about metal powders 
and powder metallurgy, recently told the Detroit! 
Chapter something about applications other than 
for small bearings and bushings with which those 
in the automotive industry are quite familiar. 
rhese have to do first with combinations of metal 
of quite different melting points, such as copper 
with 50° lead or, more striking, aluminum with 

tantalum, and second with metal and non-metal 
ombinations like copper and graphite, or nickel 
and cement, or carbides and metal binder. 

Interesting new applications are for commuta- 
tor segments, where to the electrical conductivity 
{ pure copper are added elements for wear resist- 
ince; for permanent magnets made of metal 
combinations like cobalt, nickel, aluminum = and 
ron, which, when cast, are undesirably coarse 
zrained, hard and brittle; for welding rods where 
lux particles are incorporated with the proper 
metallic ones; for clutch facings with enough 
porosity to give metal of low apparent thermal 
expansion and consequent resistance to heat 
hecking: and even for easily oxidized powders 
that when moistened generate enough heat in a pad 
to keep your feet warm in cold weather or to cur! 
vour wife’s hair in a beauty parlor. 

Even though the applications of metal powders 
ire so various, Mr. Hardy’s estimate of 20 million 
pounds of powdered metal, made by grinding, 

ectrodeposition or chemica! reduction, must 
iwlude that used for paint and bronze powders 
ind henee not strictly metallurgical. 


Welding Rods and Electrodes 


RCHIDS are due to Norman L. Mochel @, for 

his patient and successful efforts as chairman 

AS.T.M. committee which prepared a tenta- 
specification for iron and _ steel filler metal 
ire-welding electrodes and gas-welding rods). 
‘here are so many special analyses of welding rods 
romoted for this, that and the other purpose (to 
“ty nothing of competitive items which are often 
it all special), that it is an achievement of no 
der to secure agreement even in one branch 
industry. Add to this the fundamentally 

‘ conditions at the focus of an oxy-acetylene 


inl 


‘an electric arc, and it might seem useless 


attempt to harmonize the requirements of 
processes. 

tless the document contains so many com- 
‘hat it is not wholly satisfactory to anyone 
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concerned. For this reason a number of supple- 
mentary paragraphs have been added, to take care 
of additional requirements should they be regarded 
as important by the user of the specification. 

If, now, the various manufacturing and pur- 
chasing agencies will make a sincere effort to use 
this new specification, it can be rapidly perfected. 
Ample precedent indicates that a wide use of such 
a document, in place of a multitude of individualized 
specifications, will increase the uniformity and 
quality of a material and lower its cost. 


Synthesizing an Alloy to Order 


OUND RECORDING has usually been done by 

Edison's method of cutting a variable track in 
wax or soft metal. However, the high frequency 
current coming from the microphone may as well 
be used to impress a permanent magnetic pattern 
within a thin piece of metallic tape. Reproduction 
of the sound in either case is done by reversing the 
process. 

Use of magnetic tape, suggested almost 40 years 
ago, has been utilized in telephonic systems where 
some delay in transmission is desirable. More 
recently it has been perfected by Bell Telephone 
Laboratories for places where a record of speech 
needs to be kept but for a short time, and a battery 
of machines is used by the New York Times to 
record all messages telephoned in by reporters. It 
is only necessary to subject the tape to a strong 
magnetic field in order to obliterate the record and 
prepare it for re-use. 

Success has involved the production of tape of 
high dimensional accuracy and microstructural 
uniformity, magnetically hard but mechanically 
soft, and reasonably cheap — certainly a notable 
job of synthesizing an alloy to given specifications! 


Weld Structure — a Correction 


URN to page 66 of the July issue and insert the 

words “the zone below” before the words “this 
columnar edge” in the 18th line of the right-hand 
column in H. S. Blumberg’s note about sound welds 
in very thick plate. Microscopically there IS a 
great deal of difference between the columnar sur- 
face zone of a massive weld and the finely crystalline 
metal deeper seated, as the columnar structure is 
considerably larger in grain microscopically and is 
of the feather type of structure due to the high 
temperature from which it was cast in the welding 
process without subsequent treatment. Apologies 
are due to Mr. Blumberg for this misinterpretation 
of one of his letters. 
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200-IN. TELESCOPE, 
the MOUNTING OF 


WELDED STEEL 


By G.H. Froebel 


Executive Division 
Westinghouse Electric & Mfg. Co. 
South Philadelphia Works 


Celluloid Model, 1/32 Size, Was Very Useful in Studyi: 
Elastic Movements When Loaded in Various Ways 


WORLD'S LARGEST, HAS 


OUNCE of aluminum and_ photograp!' 

emulsion constitute the essential optical 5 
faces of the 200-in. telescope illustrated on the from 
cover of this issue. To permit these surfaces 
function properly, however, some 35,000 Ib. of glass 
and about 1,000,000 Ib. of steel are required! 

The steel forms the mounting of the tclesco)' 
and as shown by a 1/32 scale celluloid mode! abov 
consists of two parts —a latticed “tube” and a me 
sive cradle or yoke which carries the tube. [hen 
course, there are the bearings and the founcal | 

The tube of any telescope serves as a suppor! . 
structure for the principal optical elements 


holding 
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A- 200" MIRROR 


We 3 


B-4|" 37°&32" convex 


C- Coupe MIRROR 
D- 23" GANTRY 


E-19" 


Crayon Drawing by R. W. Porter 
Shows the Principal Optical 


reflected by the 200-in. concave 


mirror A, and sends it back through 


f 30 


) 


H. 
N=TORRECTING LENSES 


NOTE ~ FOR ALL DECLINATIONS 
FROM THE PoLe TO —/35° 

THE COUDE Focus REQUIRES 
THE 5 MIARORS A,B,C,D,E. 
From Dec -13.5° To THE 
SOUTHERN HORIZON , D ANDO 
E ARE UNNECESSARY 


mirrors ©, D, and E bring the light 
to the so-called Coudé focus. For 


irrangements. For convenient a central hole in A to the “Casse- maximum light gathering power 
porking on a swiveled platform grain focus.” For spectroscopic from the faintest stars, all mirrors 
rom the lower end of the tube, the work in a constant temperature are removed and photographi« 


BR catches the starlight 


these elements in a fixed relationship in space 
10 matter where the telescope may be pointed. 

Since this record-breaking 200-in. telescope 
is a reflecting telescope, its tube does not corre- 
spond In any respect to the kind of tube we are 
ised lo associating with small sized telescopes 
r spy glasses. First of all it is not a tube but 
open structural framework. Instead of 
irrying a lens at its upper end, it carries a 

ive mirror, 200 in. in diameter, at its lower 


lnstead of looking at the object from the 

‘tom end, an observer stationed at the top 

ris his back on the object and looks 

rd toward the mirror. All observations, 
are recorded photographically. 

tube can rotate about two trunnions 

are supported in the voke. Its range 

” is from the southern horizon to the 

le. The axis through the trunnions is 

s the declination axis. (See Mr. Porter’s 
ove for the principal elements.) 


room below the foundation, other 


plate is placed at prime focus F 


This massive yoke which supports the tube 
can also turn about an axis, at once perpendicu- 
lar to the declination axis and pointing directly 
at the north star (celestial pole, to be exact). 
This axis is called the polar axis of the telescope. 
The voke can rotate far enough to either side of 
the meridian plane so that the telescope can be 
directed toward any point above the horizon. 

Starting his observations, the astronomer 
will first “set” the instrument to bring the celes- 
tial object he wishes to study in his field. This 
will generally require two motions — one about 
the polar axis (the voke moves, carrying the 
tube with it), and one about the declination 
axis (the tube moves with respect to the yoke). 
Since it is important on nights of good visibility 
to have as much time as possible available for 
observations, the instrument will have a “fast” 
setting speed of !, r.p.m., which means that it 
will take 4 min. to move from eastern horizon 
to western horizon. 
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After the object in the sky has been located, 
the telescope has to follow it accurately, without 
lag or vibration, while a photographic exposure 
is made. That means that the telescope motion 
has to counteract the rotation of the earth and 
rotate from east to west at “driving” speed of 
one revolution a day about the polar axis. In 
addition it is necessary to make certain small 
compensations continuously, as for the refrac- 
tion of the light rays by the earth’s atmosphere. 

Motions about the polar axis and_ the 
declination axis are performed by means of 
wormwheels cut with great precision. For the 
rotation about the polar axis, there will be two 
gears mounted on a tubular extension of the 
lower yoke; one of these will serve for the 
setting speed, and the other will be used for 
following the star. 


General Considerations 


So much for the general principles of the 
telescope. Now for a little history and finally 
some of the details of construction. 

This project dates back to 1918, when 
immediately following the completion of the 
100-in. telescope at Mt. Wilson, George Ellery 
Hale began planning for a much larger instru- 
ment. The necessary grant of money was 
received from the Rockefeller Foundation in 
1928 and the entire undertaking is expected to 
be completed by 1910. 

The advantages of the 200-in. telescope over 
those now available are many and of great 
significance. It will enable astronomers to see 
1,000,000,000 light vears, twice as far into space 
as heretofore possible. It therefore will enlarge 
the volume of the known universe by eight 
times. It will permit more accurate observa- 
tions within the space now visible due to the 
fact that the 200-in. mirror will collect four 
times as much light as the best instrument now 
in existence. Under ideal conditions, it) will 
bring the moon’s surface apparently within 24 
miles of the earth! 

A size of 200 in. was selected on the basis 
that it would hardly be prudent to do more than 
double the diameter of the greatest existing 
mirror. There is also a feeling that increasing 
aperture diameters will not always lead to 
increasing usefulness. Furthermore, the cost of 
the project increases as the cube of the objective 
aperture —and Mt. Wilson had cost between 
$500,000 and $1,000,000. After some ten vears of 
planning and discussion Dr. Hale persuaded the 


Rockefeller Foundation to provide $6,000,000 to 
build and house it; California Institute of Tech. 
nology, under the leadership of R. A. Millikan. 
undertook to operate it. 

The entire choice of type and design of thy 
mounting for the 200-in. size stemmed from {hy 
size and focal length of the mirror and thy 
demands of visibility. As the scale of a telescop, 
becomes larger, the two factors which must |, 
guarded against — excessive angular and linear 
distortions — become 
deflections of the tube caused by the weight of 
the tube and mounting increase in proportion 
to the size, and the natural frequencies (4, 
measure of the rigidity and steadiness of th: 
mounting) decrease inversely proportional to 
the size. Generally speaking, it was required 
that the mounting be as stiff and as light as 
possible. This pointed to the use of thin-walled, 
box type, welded structures, 

There is nothing of an experimental natur 
in the adoption of welded construction for th 
various members of such a project. Other struc 
tures, of comparable size and complexity, and 
of like value and importance, have been pro- 
duced successfully by this method. 

It must be understood that the various 
member parts are prepared by machining fo! 
bolting together at the site, Mt. Palomar, in 
Southern California. “Welded construction” 1) 
this instance does not mean that member parts 
are to be so joined on location. It is true that 
in many large engineering structures, membe! 
parts have been and are being joined by welding 
on location, but the intended service is such as 
to tolerate distortions that would take plac 
during welding or during the useful life of th 
apparatus, or such that the presence of variab' 
and unknown degrees of internal stress are 0! 
little concern. 

Materials — One is naturally interested 1! 
the materials that are to be used, and that mus' 
Again one encounters @! 


worse. The angular 


submit to welding. 
erroneous impression, that a telescope must ! 
constructed largely of special alloys that hav 
low expansivity. While it is true that son 
materials of this type are used in connect! 
with the optical parts, most of the material use’ 
for the tube and mounting is quite ordina’ 
mild carbon steel of standard commerei«! grades 
that are being welded day in and day out. This 
is an important practical consideratio! 


In all cases, plates, bars and siructul 

fron 

shapes have been rolled by one supp!ier !™ 
ble uni- 


selected heats, to give the greatest poss 
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formity of composition. Steel plates less than 
i. in. thick were made of the usual flange 
quality, similar to that covered by A.S.T.M. 
specification A70-36. All such steel for the 
tube was made from a single heat, specially 
melted for the purpose. Plates 114 in. thick and 
ereater were rolled from silicon killed steel 
poured into hot top ingots, to guarantee sound- 
ness of section. This steel is similar to Grade 
\ in ALS.T.M. specification A150-36. Two car- 
bon-molybdenum steel forgings are used in 
building up the declination bearing housings. 
Welding Electrodes 
culling has been widely used in shaping the 
individual pieces, are welding only has been 


While oxy-acetylene 


employed in joining them; in all cases, heavily 
coated electrodes of the mineral coating or slag 
producing type were used. 

It is well recognized today that electrodes 
can be devised that will best meet some given 
condition of deposition. Full advantage of this 
has been taken and three kinds of electrodes, 
as regards position of deposition, have been 
ised. One was used for all downhand butt 


welds, another for all downhand or horizontal 
fillet welds, and vet another for welds that of 
necessity had to be made in a vertical position. 
Overhead welding has been avoided. 

Operators — In our regular work at South 
Philadelphia, we are called upon to qualify our 
welders to a variety of codes and specifications. 
Of necessity, we have developed all-inclusive 
codes and process specifications of our own, so 
that qualification under our own more extensive 
requirements qualifies an operator to perform 
under any of the above codes and specifications. 

Welding — Nearly all welding has been 
manual welding. Exceptions are the two 
declination bearing housings, which used auto- 
matic welding for the longitudinal and external 
circumferential welds. 

In welding such large parts as these, careful 
study and planning of the work are very impor- 
tant. There is a best place to start, and a best 
sequence of operations. One does not have an 
opportunity to practice with a first few and thus 
develop a final technique. Large leveled floor 
plates are also of absolute necessity. The need 


| 26r26-Ft. Annealing Furnace, 20 Ft. High Above Car Bottom, Was Built to Stress-Relieve the 
Largest Welded Piece. These units will be deck loads on steamships from Philadelphia to San Diego 
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for ample space, for proper sup- 
porting and for firm foundation, 
will be obvious. 

Annealing or Stress-Relieving 
All of the telescope parts have 
' been carefully annealed to relieve 
v internal stresses. In order to do 
this most thoroughly we have used 
a double annealing cycle, heating 
to 1150 to 12007 F., holding for a 
period of 3 hr. for the first 1 in. of 
thickness plus an additional hour 
for each additional 1 in. thickness 
or fraction thereof, followed by a 
slow cooling in the furnace until 
the temperature has fallen below 
600° F., and then repeating this 
cevele in its entirety and cooling 
below 300° F. before the furnace 

doors are opened. 
An engraving on page 135 


shows the prime focus cage being 


moved into the furnace, especially 
constructed to anneal the tele- 
scope parts. A special type of gas 
burner was used that gives a 
quieter acting flame and avoids 
long, hot flames impinging upon 


the work. Burners are also 

located in the car bottom at the 

front of the furnace to avoid a Cranes Are Here Tilting a Portion of the Main Tube; I 
cold spot there. The door or Consists of Several Welded Subassemblies, Bolted Togethe: 


front cover is made in sections 
that hang from the roof and 


tightly seal the furnace. Baffles of heat insu- on the boring mill to face the lower ring, | 
lating bricks were built up at four points where departure of the ring from roundness was | 
the circumference of the cage came too close to greater than ,'; in. 

. the walls and the burners. Thermocouples are 2. When the top ring of the tube we 
in actual contact with the work and continuous placed on the mill to face the upper end, whi 
autographic records are made from four ther- takes the prime focus cage, the departure fro! 
mocouple locations throughout all annealings. roundness was of the order of ,'; in. 

The following summarizes the treatment of 3. Note, in the photograph of the partial! 
the prime focus cage, as an example: 12 hr. assembled tube on this page, the bolted joins 
heating to 1160° F.; 6 hr. holding at 1150 to at the ends of the panels with large holes ! 
1160° F.; 11 hr. cooling to 600° F.; 10 hr. reheat- trunnions. These mating flanges were machiic 
ing to 1150° F.; 64% hr. holding at 1150 to 1160 on faying surfaces but not on the exposed edge 
F.; 12 hr. cooling to 125° F. vet at no place in four such joints was the 

more than , in. difference; in general, | 
Accuracy of Work joints were much closer. 
1. Referring further to the same phe 

One is naturally interested in the results of graph, when the top ring was lowered pla 
the welding: How closely were the parts held to the four gussets that bolt to the “A” frames © 
size throughout welding and annealing? Four found to be accurate as to position ©! 
indications will be cited. approximately ;'y in. 

1. When the prime focus cage was placed There is also the problem of ové | ac 
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rac It would be natural to suppose that 
% extremely small tolerances would be demanded. 
a. However, nothing beyond the usual accuracy of 


4 Westinghouse practice is called for in building 
the telescope mounting. AIL final operating 
adjustments will be made by adjustable mating 
made at California Institute of 
The closest accuracy called for on 


parts to be 
Technology. 
the larger parts is in the alignment of the 
declination axis of the tube and the plane of 
the diaphragm cage base. The declination axis 
must be parallel to this plane to within one 
minute of are. This calls for measuring at least 
two lengths of about 26 ft. to within 0.077 in. 
Since means exist to measure these distances to 
within 0.001 in., no hardship is imposed. 
Aligning the tube, which will weigh 150,000 
lb.. will be no more difficult than a job of lining 
up a large turbine. Its size, however, 22 ft. in 
diameter and 50 ft. long, would tax the space 


limitations of most shops. 


Main Bearings a Problem 


The prerequisites of bearing design for an 
instrument of this type are: (a) They must 
determine accurately the position of the instru- 
ment, and (b) their operation must be as smooth 


and frictionless as possible. 


Three types were considered: 
l. Roller 
equire a hardened roller path on the outer rim 


bearings alone. These would 
! the horseshoe, which is 46 ft. in diameter. It 
ippeared to be rather too difficult to mount the 
oilers so that each one would take an equal 
vad, and to provide proper alignment in all 
rections, 

2. Mercury flotation in conjunction with 
oiler hearings (used successfully on the 100-in. 
‘clescope on Mount Wilson). Since the 200-in. 
T ‘clescope has a horseshoe-shaped yoke, only a 
ts wall segment of this horseshoe could be under 
rreury; consequently, the colossal size of the 
im to be attached to the horseshoe made this 

es ‘hod seem entirely impractical. 
Oil pads. 


This design, based on a 

well known in vertical water wheel 

s and used successfully for more than 

in Westinghouse balancing machines, 

| td idvantage of having very little friction 

ase about 1 600 of that of roller bear- 

: (of being by far the least expensive. 

ra thorough analysis of the above, the 

sign was selected. Its nature is shown 
ompanying line drawing. 


This type of bearing depends on a thin film 
of oil (0.003 in. thick) maintained by feeding 
the oil into recesses in the pad at pressures of 
about 300 psi. 
met are the very small shearing forces created 


The only frictional forces to be 
within the oil film itself. Since the velocities 
are so small (driving speed being one revolution 
per day), the power required to drive the yoke 
at one revolution per day is calculated to be 
1 165,000 hp.! 

Acting against the horseshoe rim there will 
be two 28-in. square pads on each side of the 
vertical centerline. Each pad will carry about 
150,000 Ib., and is mounted on a hardened ball 
and seat so as to adjust itself to the horseshoe 


Nerdened 
Ball & Seat 


Vertice/ ¢ 


of Horseshoe 


Haroened J 
Roller & Seat 


Babbit- | & 


9 6 Dia. 
or" ve 


Bottom op 
view view 


26i1n. Of! Pad 


r 


Flexible Sidewise 


Stiff Structura/- 

Stee/ Subbase 
Each of Four 28-In. Square Oil Pads Under 
Horseshoe Yoke Floats About 75 Tons of 


Weight in What Is Almost a Frictionless Bearing 


surface. Pads in each pair are balanced against 
each other by an equalizing member with a 
hardened roller and seat. 

While the north end of the yoke is thus 
virtually supported at two points along the 
horseshoe rim, the third point of support is at 
the south bearing. There again the principle 
of viscous oil flow will be applied in a large 
spherical oil bearing, which will carry about 
580,000 Ib. thrust load and 350,000 Ib. lateral 


load. 
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FACTORS RELATING THE 


OF METALS WITH 


THEIR SERVICE 


An informal report 


by The Editor 


RECEDENT was violated by American 

Society for Testing Materials last month in 
holding its fortieth annual meeting (and an 
exhibit of testing apparatus and related equip- 
ment) in New York City. The palatial Waldorf- 
Astoria was selected, and so those who attended 
were able to enjoy, for a price, the latest achieve- 
ments of the air-conditioning electric 
lighting experts. 

At times, the meetings of this Society have 
a curious air of finality — statements seem to be 
made as the last word. Perhaps this is insepa- 
rable from the presentation of sfandards — 
things whose discussion has usually been 
exhausted in committee. The highlight of this 
meeting, therefore, was an informal interchange 
of opinion about impact testing, held under the 
direction of Prof. M. F. Sayre of Union College 
and W. W. Werring of Bell Telephone Labora- 
tories. Such a meeting should be valuable as 
an educational effort, for the present confusion 
about impact testing in America is well illus- 
trated by a paragraph in the A.S.M.E. Unfired 
Pressure Vessel Code, which sets up acceptance 
values based on a “standard A.S.M. 10x10-mm. 
specimen,” either Charpy or Izod with a keyhole 
notch, despite the fact that the A.S.M. is not a 
specification writing body and therefore has no 


IMPACT STRENGTH 


“standard 10x10-mm. specimen,” and furthe: 
that the Izod universally carries a Vee notch 

Dr. Giolitti in a letter on page 164 decries 
the lack of agreement on the form of impac! 
test piece. European engineers are agreed on 3 
10x10x55-mm. test bar tested as a simple beam 
(Charpy test). They are also agreed on tl 
Mesnager notch, parallel sided with bottom 
rounded to 1-mm. radius, but the total depth is 
3mm. in Germany, 2 mm. in Italy and 5 mm. i) 
France. In England the favorite is the Izod tes! 
(cantilever beam, 10x10x75 mm., notched with 2 
15° Vee notch of 2 mm. total depth and botton 
rounded to 0.25-mm. radius). The A.S.T.M. has 
a tentative specification (E23-34T) illustrating 
this English test piece, but further complical:s 
matters by calling for a Charpy test bar wil 
this same Izod Vee notch! 

Such differences in test bar dimensions 
important, for it has been shown that if test bar 
of various sizes but proportional dimensions & 
made of a high quality and uniform stleel, t! 
impact strengths so derived cannot be readily 


correlated in any system of units; in 
words, the principle of similarity does not holt 
Worse than this, it is frequently found tha! 

series of uniform test pieces of a single ste 
made with great precision will give results W! , 
scatter far more than, say, the hardness, tens" 


strength or elongation. Again, a series of ste 
of variable impact strengths may be range’ 
one order from toughest to brittlest by ( [z0d 
test, in another order by the Charpy (tes! will 
5-mm. notch and still another by th — 
whl 


test with l-mm. notch. Finally, stec’s 
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have a very low impact value by these tests per- 


form satisfactorily in service —for example, 
rails —and parts which have failed under 
impact often show excellent Izod strengths when 
subsequently investigated. 

Facts such as these have quenched most of 
the interest American engineers have had in 
impact testing, despite the vivid realization 
that many important machine parts have to 
resist shock and some measure of their inherent 
ability to do so is urgently needed. Interest has 
recently been revived by investigators in two 
fields: First, in the difficult matter of hardened 
toolsteels G. V. Luerssen and his associates in 
Carpenter Steel Co. have shown that a torsional 
impact test will distinguish the structural 
changes occurring during tempering. More 
important perhaps is the work of H. C. Mann 
and co-workers at Watertown Arsenal. They 
find that when a small tension test piece of low 
alloy or carbon steel is broken in impact at 
Charpy or Izod speeds the energy absorbed is 
the same as that measured by the area under 
the stress-strain curve made at a slow rate in a 
tensile testing machine, when the stress is com- 
puted on the reduced area actually carrying the 
load rather than the original diameter of the 
specimen (see Merat ProGress, March 1935), 
and further that the energy absorbed in impact 
lailure at really high speed is usually much 
lower than at a moderate speed. Col. G. F. 
Jenks said that this conception of critical speed 
of blow, above which the steel breaks more 
easily, had explained several puzzling occur- 
renees in ordnance not solved by ordinary 
notched bar impact tests. 

if. J. Gough of the National Physical Labo- 
ratory (England) recounted some history to 
support his contention that the idea of critical 
velocity is not new, Stanton and Bairstow having 
discovered it about 30 vears ago. He recalled 


ic beginnings of the test to show why British 
enging ers place considerable store on its indica- 
‘ons. Rough impact and bending tests have 
doubtless been made ever since the dark ages, 
“ut when low carbon bessemer steel began to 
‘upplant wrought iron, boilermakers found that 


some 


pieces of the new steel, indistinguishable 
rem satisfactory pieces by analysis or tensile 


uld crack badly, especially when worked 
so-called blue brittle heat. Since the 
bar impact test was able to distinguish 
good and unsatisfactory steels of this 
ittained considerable vogue. Dr. Gough 
d that impact strength should not be 


regarded as an absolute virtue — for instance, 
if experience shows that a certain metal with 
10 ft-lb. is quite satisfactory for a given service, 
an 80-ft-lb. steel as well as a 20-ft-lb. steel 
should not be accepted without other strongly 
favorable evidence. 

He wished to raise a distinction between 
the properties of “brittleness” and “notch brit- 
tleness” in a metal, and inferred that a tensile 
impact test on a smooth bar would not indicate 
the presence —or absence —of “notch sensi- 
tivity,” a property which many engineers think 
very important. Prof. A. V. de Forest of Mas- 
sachusetts Institute of Technology testified, 
however, that in his experience, failures in 
service are due to a mechanical notch, or scratch 
on the surface, or some internal notch or other 
stress-raiser underneath, rather than on low 
impact properties of the material as a whole. 
Prof. H. F. Moore of University of Illinois also 
was of the opinion that a slow tensile test on a 
notched specimen might show everything that 
a Charpy or Izod test would. A. B. Kinzel of 
Union Carbide & Carbon Corp. further pointed 
out that a distinction between “brittle” and 
“notch brittle” was begging the question, 
because all commercial structures are notched. 
The inference was that in certain services metals 
are required which are able to absorb impact 
energy even where stresses are concentrated at 
internal or external notches. Other speakers 
noted that the action of crane chains and hooks 
indicated that cold-worked surfaces were fre- 
quently equivalent to sharp external notches, as 
far as inducing brittle fracture is concerned. 

Trouble with crane chains occurs so fre- 
quently in frosty weather that a careful foreman 
will “draw the chain through the fire” before 
lifting heavy loads. This brings up the question 
of a critical temperature for brittleness. Disre- 
garding the so-called “blue brittle” range, the 
relation of temperature to impact strength ts 
typified by the set of curves at the bottom of page 
140, from work by Messrs. Rotscher and Fink 
of Aachen (Mera Progress, December 1933). 
As Dr. Gough pointed out, such curves for pearl- 
itic steels are of an S type, and this is generalized 
in the second diagram, at middle of page 141. 
Prof. J. M. Lessells of Massachusetts Institute 
of Technology lent some clarity to the definition 
of toughness and brittleness by citing Moser’s 
work, indicating that tough fractures are of the 
shearing type with considerable ductility, 
whereas brittle fractures are of the separation 
type. One can often be changed into the other by 
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presence or absence of certain types of notches 


or by changing the geometry of the test piece. 


This S curve was found useful by the Editor 


of Mera ProGress in a lecture course on alloy 
steels when discussing the relationship of analy- 
sis and heat treatment to toughness. It has far 
more than academic interest, for it involves the 
safety of aircraft high-flying in northern winters, 
chemical equipment at very low or very high 


temperatures, and even the prevention of temper 


brittheness in certain steels working at atmos- 
pheric temperatures. Indeed the range from a 
blistering summer day to a winter cold snap 
may readily encompass the entire steep portion 
of the S curve for ordinary carbon steel. 

Analysis of the steel has much to do with 
the location of the steep portion of the curve 
that is, the actual temperatures /, and /.. (We 
must neglect the solid solution alloys monel 
metal and 18-8 stainless steel, which retain their 
toughness substantially unchanged to liquid air, 
and confine attention to the other alloys heat 
treated to some conglomerate of ferrite and 
carbide.) 

Normalized mild carbon steel (0.15 to 0.20%, 
C) increases sharply in toughness as the tem- 
perature rises from —30° F. to +75 F. This 
is shown by Curve © of the third group at the 
top of the next page, the approximate median of 
Rotscher and Fink’s results. Messrs. Egan, 


that variations in microstructural condition wil) 
shift the S curve either to right or left, or stcepep 
the gradient between /, and ¢.. Since room te. 
perature (normal testing temperature) 


within this range for the mild carbon. steels 
tested by the German investigators, it is see 
there will be plenty of reason for erratic resy}ts 
in impact tests on such metal. 

The situation as to temper brittleness 
appears to the Editor to be something like this 
A nickel-chromium steel like S.A.E. 3435 (0.35 
C, Ni, Cr) when properly treated has 
a temperature /, substantially below room tem 
perature; its Izod impact may be 70 ft-lb. and 
the fracture fibrous. However, the nature of {ly 
ferrite is such that if the metal is tempered 4 
long time at low temperatures (say 850° F.) 0; 
slowly cooled rather than water quenched fron 
a short temper at higher temperatures (say 
1100° F.), the Izod impact is erratic, perhaps 1 
more than 35 ft-lb., and the fracture crystallin: 
These facts conform to the view that incorrect 
heat treatment brings the temperatures /, and | 
closer together and also shifts the S curve fron 
some position like B, in the sketch, to the righ! 
as at D, so that room temperature is fairly loy 
down on a steep portion of the toughness-tem 
perature curve. 


Crafts and Kinzel find that these temperatures 7 — 
for and ¢, are lowered by 75° by the addition | Qoen hearth 
of vanadium (Curve B), and 150° by the & “Si/icon” | 
addition of 0.65¢, zirconium (Curve A); like- —-—  Copper-chromium | 
wise that chromium-copper steel, aluminum Copper-manganese /, 
killed, has ¢, somewhat below —150° R. K. | 
Hopkins in a paper for A.LM.E. in 1935 recom- 
mends 0.15% 2.25% Ni, 0.50% Mn for low 
temperature petroleum equipment, and for this 
steel in normalized condition ¢, is about —75° F. & 
Mr. Hopkins notes that this 244‘, nickel & 7 
steel has deficient impact at 7) if: air & 
cooled from a flanging heat, therefore 
recommends subsequent normalization from 
1925) This is but one of many indications -200 -100 #100 +200 
Temperature, F. 
Stee/ Analysis feat Ireatment Relationship Betu 4 
Jemper- Cooling ness as Indicated = 
C Si | Mn p 5 Cu | &r jetureF Impact Test and 1 
of Sample for Set Car 
Basic Bessemer — 7700 Air and High Stré 
Open hearth 0.15|0.07|0.57|0.024\0.030\0.78| — 7700 Air Made in Gern | 
“Silicon” 0.15|0.89| 1.12|0.053|0.036|0.70| — | 1560 |furnace| Rotscher and Fi 
Copper-chromium 7560 |\furnece| Progress, Dece! 
Copper-manganese |\0.79)0.50| — 7560 |furnece 
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Vhile this is an easy visualization of 
the relationships, it is no explanation of 
the essential cause of temper brittleness. 
it may be useful, however, to indicate 
how these concepts apply to tubes for 
petroleum stills, made of 5°. chromium 
steel (without tungsten or molybdenum). 
FS. Dixon and his associates of The 
lexas Co. find that new tubes have tough- 
ness measured by Charpy test with Izod 
notch of 100 ft-lb. After two or three 
vears service at 900 to 1200 F., they 
only have 30 ft-lb. toughness (both meas- 
ured at 70° F.) and are likely to crack 
when cleaned during winter shutdowns 

in other words, the toughness is much 
less than 30 ft-lb. at 20° F. If impact test 
pieces of these failed tubes are heated in 
boiling water and tested at that temperature, 
their toughness is high, and as a matter of fact, 


Impect vs. 


omperature for + 
apritic Stee/s | to 


Tempereture 


loughness-Temperature Curve of a Ferritic Steel 


0 brittle fractures have developed in service 
it high temperatures. 

This all conforms to the idea that long heat- 
ing at 900° F. or over changes the properties of 
‘te chromium-ferrite in this steel so that the 

riginal S curve with ¢, below room temperature 
‘something like Curve B) has moved over to 
position D, where ¢, is more like 175° F., and ¢ 
* well above zero, Obviously the operating tem- 
‘tures are out along the upper end of the 
i've, where toughness is ample. 
\. E. Margerum of the U.S. Navy, Bureau of 


“rd e, called attention to the fact that as a 
I ferrous metals do not become brittle 
rately low temperatures —or at least 

. well-defined S curve as above described. 


ring out one item of importance in the 
‘pplication of impact data and that is 
effect, citing as an instance heavy steel 


Proportion of Best Toughness, % 
9S 


/00 


YH 


Austenitic 18-8 Stee/ 
Mone/ Mets/ 


-200 -/00 oO +/00 +200 +300 +400 
Temperature, F. 


18-8 and Monel Metal Retain Practically All Their Tough- 
ness to Liquid Air Temperatures, but Carbon and Low 
Alloy Steels Are Embrittled Below Certain Temperatures 
Depending on Analysis and Previous Heat Treatment 


castings which exhibit satisfactory ductility in a 
standard test bar, but break with a “brittle” 
fracture when overloaded in sections 3 or 4 in. 
thick. Other speakers mentioned the same 
phenomenon: Welded pressure vessels with 
massive walls, when tested to destruction, have 
less and less ductility in the fracture as the 
thickness of plate increases and the design lends 
additional rigidity to the structure. In other 
words, thin-walled vessels develop shear type 
fractures, thick-walled vessels develop separa- 
tion type fractures, whereas vessels of equivalent 
strength but made of nested, closely fitting units 
again develop shear type fractures. 

It is believed that constraint in two or three 
dimensions has much to do with brittle breaks 
in metal which has great ductility when tested 
in small test bars. For instance, if a pipe is 
stretched longitudinally at the same time hydro- 
static pressure is applied internally, failures 
without elongation can produced —— an 
experiment that does much to explain” the 
hydraulic engineer's principle that a hydraulic, 
steam or other pressure pipe must not be 
anchored securely without) expansion joints. 

Summarizing the discussion briefly, 
appears that at least four factors have important 
influence on the impact test of a given metal and 
the impact resistance of structures made of it, 
namely, the temperature, the velocity of the 
loading, the nature of the notch and the con- 
straint or mass of the resisting metal. Since 
most of these factors have hitherto been allowed 
to take care of themselves, it is not surprising 
that impact testing, as done in the past, has 
vielded results which have bewildered the care- 


ful engineer. 
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AN ALBUM OF EMINENT LIVING METALLURGISTS 


John B. Tytus 


VICE-PRESIDENT, AMERICAN ROLLING MIL! CO 
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JOHN B. TYTUS 


RDINARILY one would not imagine any 

connection between paper and steel. But 
as a matter of fact, the steel industry owes the 
paper industry a debt, for it was from the paper 
mill that John B. Tytus, of Middletown, Ohio, 
drew his initial inspiration for the continuous 
process of rolling sheet iron and steel. 

Mr. Tytus is a vice-president of The Ameri- 
can Rolling Mill Co. and invented the first suc- 
cessful continuous mill for wide sheets, which 
his company installed at its Ashland, Kentucky, 
plant in 1923. For this significant contribution 
to the progress of steel industry he was awarded 
the Gary Memorial Medal by the American Iron 
and Steel Institute in 1935. 

But what of this strange link between paper 
and steel? 

Well, Mr. Tytus came of a pioneer family 
inthe Miami Valley. His father and his father’s 
father had been in the paper milling business. 
\s a boy he naturally had spent much time in 
the paper mills, following at first the crude and 
costly hand method of production, and observ- 
ing later the introduction of mechanical methods 
which made paper a commodity instead of a 
luxury. Following his graduation from Yale 
in 1897, he spent several years in the paper 
mills, but the pioneering improvements had by 
this time been made, and the inventive mind 
of Mr. Tytus sought for new fields. 

In 1904 he visited the plant of The Ameri- 
can Rolling Mill Co. which had located in his 
home town of Middletown some three years 
before. Of his visit of inspection, he later said: 

“I counted twenty-two separate operations, 
all by hand. I was 
astounded at the amount of handling. In the 
paper industry we had already solved the prob- 
I knew that 
these old methods couldn’t last in the steel 
industry — that they would have to be changed.” 
‘ohn Tytus had found where he wanted to 
nd at once applied to another young man, 
“Harles R. Hook, now president of A.R.M.Co. 
en its superintendent, for a job. In later 
tl Tytus 


I knew there were more. 


lem of continuous production. 


ne teamwork of these two men 
menting and Hook helping and constantly 
“aging — was a great factor in developing 


a successful plan for continuous, mechanical 
rolling of sheet. 

The method of sheet rolling had not shown 
any fundamental changes in 150 years. True, 
many attempts had been made to discover a 
successful method for rolling out sheets of wide 
width, but the attempts in every instance had 
ended in costly and 
Theories which were then prevalent about the 
behavior of the metal and the mills in the 
process of rolling must be wrong, and to Mr. 
Tytus this was a challenge. The result of this 
challenge, as we now know, was an invention 
successful, instead of the failure which had 
bitterly rewarded the efforts of all the earlier 
experimenters, 

Eventually the first continuous wide-sheet 
mill was built at Ashland under Mr. Tytus’ 
personal direction, and the first unit of the mill 


disappointing failure. 


was put into operation on the last day of the 
vear 1923. As imperfections were corrected and 
adjustments made, production leaped up from 
a few tons to 1,400 tons a day! 

The news of such a startling development 
was hard to keep a secret, and at length the 
company announced its continuous process to 
the steel world. In a few months virtually every 
important iron and steel man in the country, 
interested in the production of sheets, had 
visited Ashland to see the marvelous sight of 
sheets being made at “a ton a minute.” Steel 
men are conversant with the rapid strides the 
continuous process has made since that day. 
With the current renaissance of business there 
are now enough continuous mills operating, 
building and contemplated to produce approxi- 
mately 14,000,000 net tons a year. 

It is a long way back to that day in 1909 
when the recruit from the paper mill, John 
Tytus, sat in the little shanty which served as 
an oflice for the A.R.M.Co, works at Middletown 
and observed prophetically to his boss, Mr. 
Hook: “Some day we'll be making steel in long, 
wide sheets and rolling it up at the ends of the 
mills the way we do paper.” 

No idle dream, that! And it was made to 
come true in large part by John Tytus’ own 
inventive genius. 

Today, at 61, Mr. Tytus still likes to talk 
about the paper mills and the important changes 
and improvements which he watched and 
studied there as a boy. And, with characteristic 
modesty, he still wonders why the same kind 
of changes and improvements weren't made in 
the rolling mill before his day. 
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PHYSICAL FACTORS IN CASTING OF METALS 


By H. Descu 


Abstract of Edward Williams Lecture Before Institute of 
British Foundrymen (The Metal Industry, June 18, p. 680) 


HE first condition of obtaining a satisfactory 
casting is that the metal shall flow evenly 
into the mold, and shall fill it completely before 
such freezing occurs as to offer an obstruction 
to its further flow. This property I prefer to call 
“flowing power.” Roughly, the empirical values 
obtained for the flowing power will depend on 
two kinds of factors: One set depending on the 
conditions of the experiment, including the 
form, material, and surface of the mold, the 
casting head, and the degree of superheating of 
the metal before pouring, and the other set 
involving the properties of the metal or alloy. 
This second set includes viscosity, surface ten- 
sion, gas content, formation of surface films, the 
range over which solidification takes place, 
change of volume during solidification, and 
crystal thrust. There are other factors which 
affect the quality of the resulting casting, 
although not among those which govern the 
flowing power. These include the contraction 
in the solid state, the strength at temperature 
near to the freezing point, the liability to segre- 
gation, and the tendency to form small or large 
crystal grains, the last being dependent in many 
instances on the previous history of the metal. 
It should hardly be necessary to add that 
the skill of the foundrymen remains one of the 
most important factors, and it is not susceptible 
of quantitative expression. 

Viscosity has been credited with far greater 
influence on the flowing power than it actually 
possesses. Viscosity of all liquid metals inves- 
tigated is less than that of water, and the appar- 
ent molasses-like action of some metals is either 
due to a thin and tough surface film or the pres- 
ence of many tiny gas bubbles producing a metal 
foam. Neither is diminished flowing power 
during the process of freezing (cooling from 
liquidus to solidus) due to increased viscosity 
of the remaining liquid but to obstruction of the 
channels by growing crystals. 

Surface tension of a metal or alloy is 
another physical property which may affect the 
casting quality. Molten metals do not “wet” 
their molds. In a narrow channel, therefore, 
there is a resistance to the flow of the metal 
owing to its surface tension, but this effect 


becomes less and less marked as the diamete: 
of the passage is increased. Actually, the amount 
of the resistance so produced is small in most 
castings if the metal has a clean surface. 

Surface Films — A surface film of a foreign 
substance affects the flowing power far mor 
than any possible variation in the true viscosity 
or in the surface tension. Aluminum provides a 
striking example. On exposure to air, aluminum 
forms immediately a thin layer of the oxide, 
alumina. That film has such strength that it is 
possible to melt a long, freely suspended loo; 
of aluminum wire by passing an electric curren! 
through it, without rupture, the skin being 
strong enough to retain the weight of the molte: 
metal. This property of aluminum also affects 
alloys in which it is present. The difficulty ot 
casting aluminum bronze (the copper alloy co: 
taining 8 to 10°. of aluminum) is caused by th 
formation of such a tough skin, which hinders 
pouring and, by becoming broken into frag 
ments, is entangled in the metal as dirt. 

When the oxide is soluble in the molte 
metal, no film is formed, so that copper, iron, 
and nickel pour in a clean stream, although the) 
may contain solid matter in suspension. Mor 
over, if two of the constituents of the alloy ca! 
form a mixture of oxides with a lower melting 
point than that of the alloy itself, the surtac: 
film will be liquid instead of solid. This, 0! 
course, is the case when a flux or a deoxidize! 
such as phosphorus has been added. 

At the National Physical Laboratory it la 
been found by the method of electron diffra: 
tion that the film formed on molten tin may ) 
either smooth and compact, or bulky and co! 
rugated, the bulky form allowing oxidation 


go on rapidly, while the other is protective. |! 


difference corresponded with a difference in 
arrangement of the minute crystals of the oxic 
the loose film having the crystals arranged ° 
random, while the compact skin had a defin!' 
“preferred orientation.” 

Freezing Range — While a pure me! 


freezes at a constant temperature, in mos llovs 
the process extends over a range, and th 

of this range is of importance in determin 
the flowing power. (Continued on | im 
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COPPER-LEAD 


AVORED FOR 


SEVERE SERVICE 


By Francis G. Jenkins 
Assistant Materials Engineer 


Bethlehem Shipbuilding Corp., 
Quincy, Mass. 


RESENT DAY demands of bearing materials 

for high speed engines have been frequently 
met by the steel-backed copper-lead bearings, 
which have replaced babbitt because of the lat- 
ers weakness against repeated flexing at 
increased speeds and bearing loads. Likewise 
the physical characteristics of copper-lead alloys 
ire less affected by temperature, the material 
will not seize, and overheating does less damage 
‘han it does to babbitt. Originally developed 
by the railroads, the progress of copper-lead 
loys was immeasurably assisted by the dis- 
overy of means of producing a uniform 
(ispersion of lead, including the effect of deoxi- 
(dation, chilling and the addition of nickel. 

While this paper is not intended to present 


riginal data, it is intended to bring to the 
eader’s attention a few important points con- 
the development of copper-lead bearing 
especially as to their metallurgical 
s. Perhaps this will assist in a more 
ned approach to the practical side of 
manufacture and maintenance. 
order to meet the present demands of 
ced engines, the bearing metal must be 


BEARING 


METALS 


able to carry increased bearing loads and stand 
up under the increased speeds and operating 
temperatures. A certain amount of plasticity 
is still desired to compensate for minute irregu- 
larities in the shaft or bearing surface by a 
slight amount of vielding, thereby avoiding 
dangerous stresses in bearing and shaft and pre- 
venting overheating and rapid wear. While 
some have questioned the conventional view, the 
best structure for a bearing metal is probably 
that of a soft matrix with hard particles scat- 
tered through it. The hard particles carry the 
load and resist wear, while the softer ground 
mass allows the metal to adjust itself to the 
surface of the shaft and equalize bearing pres- 
sure. A bearing metal of good running qualities 
in an engine is not strong enough to support the 
load itself, but is used as a comparatively thin 
lining in a shell of some strong and cheaper 
material such as steel, which in turn is fixed in 
a supporting structure. 

Aircraft engines, almost exclusively, and 
many automotive and other gas engines today 
carry such bearings, chill cast on a steel backing, 
and they are mainly responsible for the high 
specific output of such engines. Copper-lead 
mixtures have superseded babbitt for many 
connecting rod crank pin bearings, plain crank- 
shaft bearings, and even more generally in many 
accessory drive shaft bearings. The basic reason 
for eliminating babbitt is its low resistance to 
fatigue. Fatigue cracks starting at the surface 
eventually cause separation near the bond 
between the backing and the babbitt by repeated 


slight flexing. 
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An intermediate step was the substitution 
of steel for the bronze backing or shell, the 
bearing still being babbitt lined. In aircraft 
engines this apparently results in increasing the 
life of the bearing some four or five times, 
according to competent authorities. The rela- 
tively low resistance of babbitt itself to fatigue 
failure under high loads and temperature even 
when steel backed, brought about the present 
development — the adoption of a copper lining 
with a high lead content, still further to increase 
bearing life and load capacity. This has been 
described by A. F. Denham in Automotive Indus- 
tries, June 16, 1934, in an article entitled “High 
Leaded, Bronze Lined, Steel Backed Bearings.” 


High Fatigue Strength Is Essential 


Fatigue weakness of babbitted bearings, 
either steel backed or bronze backed, is due to 
the formation of a brittle intermetallic com- 
pound resulting from the reaction of the tin or 
other metals of the babbitt with the iron of the 
steel backing or sleeve or with the copper of the 
bronze backing. The copper-lead bearing metal, 
however, forms a solid solution with the steel 
backing, the copper with the iron. Since this 
intermediate layer is a solid solution it is much 
more malleable, and adhesion is maintained in 
spite of the inevitable deformations and vibra- 
tions encountered in service. 

It is generally understood that leaded 
“bronzes” of this type have a melting point 
considerably above that of babbitt and that their 
physical characteristics are less affected by tem- 
perature. At elevated temperatures copper-lead 
mixtures exhibit a greater resistance to fatigue 
and deformation and a higher thermal conduc- 
tivity than do babbitts. (See R. G. N. Evans’ 
discussion of S. W. Sparrow’s paper “Recent 
Developments in Main and Connecting Rod 
Bearings” in S.A.£. Journal, July and September 
1934.) High thermal conductivity is certainly 
one of the requirements of a good bearing metal, 
for when it is placed in intimate contact with its 
backing, a rapid transmission of heat will con- 
tribute to long life. Copper-lead alloy appears 
to crush as readily as babbitt, and transitory 
metal-to-metal contact in service produces a film 
of lead which presumably has suflicient lubri- 
cating value to prevent seizing. Seizing usually 
occurs if a differential in expansion between the 
bearing material and the shaft permits the high 
spots of the bearing material to come into con- 
tact with the high spots of the shaft. 


At any rate the copper-lead bearings haye 
proven superior to babbitt when subjected {o 
both overheating as well as continuous servic, 
at high temperatures. 

Too little clearance, or inadequate lubrica- 
tion, causes a bearing to overheat and eventually 
fail. While the babbitt bearing under such 
circumstances “burns out” and_ becomes 
unserviceable almost instantly, in the case of a 
copper-lead bearing the rate of wear is greatly 
increased and failure occurs more gradually. 
Apparently the lead “stews out” and furnishes 
sufficient lubrication to prevent serious damage 
to the moving member. Naturally, a failure of 
this sort at high speeds does not benefit the shaft 
or crank pin, but results thus far indicate that 
less harm is done when the bearing is of copper- 
lead. Babbitt bearings replaced after such a 
failure usually have a short life. 

Another impelling reason for the displace- 
ment of babbitt bearings has been their inability 
to withstand the continuous high temperatures 
that do not affect the operation of the copper- 
lead bearings. This failure is indicated by chips 
falling out of the bearing. It is generally con- 
ceded that this is due to fatigue or to the 
development of fatigue cracks. J. Dintilhace, 
however, in a discussion of the general topic of 
lubrication in Automotive Industries, July 13, 
1935, states that when the temperature is high 
enough the force of adherence between the 
metal and oil becomes greater than the cohesive 
force between the metal particles of the babbitt, 
and the oil dis-aggregates the metal and carries 
it along. This metal may later be found 
re-aggregated into lumps at the bottom of the 
crankcase. 


Developed by Railroads 


High lead bronzes first came into proml- 
nence as substitutes for tin and leaded tin 
bronzes. These latter metals are still in use 
today, together with aluminum bronze for bear 
ing applications demanding similar strength. 
For bearing usage where the need was felt for @ 
more plastic metal, the tin bronzes hav been 
largely replaced by copper alloys of increasing 
lead and decreasing tin and zine contents. The 
lead makes the alloy more plastic and therefore 
better able to conform to the irregularities va 
the service without heating. Tin also is quite 
expensive. 

To the railroads belongs the credit 
first general use of leaded bronze. In ! 


for the 
sland. 
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/ 1870, Alexander Dick developed the 80% 


ab 

Cy. 10% Sn, 10% Pb alloy, which found wide 
ysave on the railroads of that country. In 
America, about 1892, Dudley of the Pennsylvania 
Railroad completed a long series of service tests 


on lead bronzes showing that increasing the lead 
content reduced wear and overheating. His EX-B 
metal containing 8° Sn and 15° Pb is today 
one of the widely used bearing alloys in locomo- 
tive construction. 

However, as the lead content increased, its 
tendency toward segregation became more and 
more of a problem. Nickel was recognized at 
about this time as being one of the most power- 
ful agents to prevent “lead sweat” or segregation. 
Thus, in 1900 a patent was granted to G. H. 
Clamer and J. G. Hendrickson for a series of 
lead bronzes containing over 20° Pb and less 
than 7°) Sn with 1° Ni; this is commonly known 
as “Ajax Plastic Bronze.” 

The latest leaded bronzes are still higher 
in lead (25 to 50°) with 1 to 24% Ni, which 


is particularly desirable if lead exceeds 38%. 
They contain none of the so-called strategic 
metals such as tin and antimony, which are not 
produced in America, and are used not only as 
a replacement for copper-tin bronzes but, a 
already mentioned, for tin-base bearing alloys 
as well. 

Leaded bronze, steel backed, main and con- 


necting rod bearings have been used by many 
prominent automobile manufacturers during 
the past few vears. An interesting manufac- 
turing process for copper-lead bearings for con- 
necting rods of V-8 cars, used by the Ford Motor 
Co. up to a year or so ago, cast the copper-lead 
continuously on a properly prepared steel strip, 
which in turn was formed in a half circle, cut 
and machined to bearing size (The Iron Age, 
August 8, 1935). The mixture was of the follow- 
ing analysis: Lead 30 to 35°, copper 63 to 68%, 
iron 0.50% max., nickel 1.0 to 1.5%. 

J. B. Johnson, in S.A.E. Journal, April 1937, 
gives the following composition of a bronze 


Bearings, Lead Screw Nuts, and Bushings For Heavy Machinery Weigh Hundreds 
and Even Thousands of Pounds. Photo courtesy Wellman Engineering Co. 
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lining that has been used successfully in a nut 


ber of aircraft engines: 


Copper 69 to 74% 
Lead 26 to 31% 
Silver 1.5% Max. 
Iron 0.25% Max. 
Nickel 0.10° Max. 
Zine 0.15% Max. 


At no point in the constitution diagram is 


there evidence of solid solubility of 


lead 


in 


copper even though the crystal structures of the 
PI g 


metals are similar (face-centered cubic). 


Under the microscope the lead appears as 
small globules scattered through the copper, 
with a small proportion on the grain boundaries. 
Thus it is evident that the chief effect of lead 
on the alloy is a mechanical one. According to 
the constitution diagram of copper-lead alloys, 


the minimum temperature for liq- 
uid homogeneity varies from 1746 
to 2900° F., depending on the 
composition. Alloys between zero 
and 38° lead form homogeneous 
liquid solution immediately above 
the liquidus. In this range of com- 
positions a fall of temperature 
through the liquidus causes separa- 
tion of copper crystals from the 
mother liquor until at 1746° F. the 
liquid remaining contains 7.5‘, cop- 
per. On continuing the fall in tem- 
perature, further separation of 
copper takes place until the eutectic 
point at 619° F. is reached and final 
solidification occurs. 

The acceptable microstructure 
of a bearing is dendritic with the 
lead broken up into fairly small 
particles and distributed uniformly 
throughout the mass. There are sev- 
eral methods of producing a_ fine 
and uniform dispersion of the lead 


Effect of AlHoying Elements 


Nickel — There are probably two reasons 
for the action of nickel in preventing lead 
segregation. First, the nickel causes the meta] 
to set somewhat more quickly, and second the 
addition of nickel to copper actually increases 
the solubility of lead in molten coppe: 
Whereas pure molten copper can dissolve only 
about 38°: of lead, the addition of 2.55. of nicke! 
enables it to take up 60°° or more. The quick 
ening of the rate of cooling is accomplished }y 
some unexplained property. It is recognized. 
however, that grain refinement can often |x 
obtained by addition, before casting, of suitable 
elements which form compounds of high mellt- 
ing point. The rapidity of set obtained may 
therefore be caused by small nuclei of an 

insoluble compound 
formed in the molten 


_| °C. metal before general 
Liguid’ / \ takes 

\ place, 
Emulsion terant which usually 
600 WAT | alloys through th 
7 | 4 300 use of scrap. It 
generally conceded 
Cu + 4/9. 600 that considerable zin 
| | in the presence ol 
eed 0.06% Pot 400 fairly high lead 
content has the detr 
mental effect of caus- 


Cu 20 40 60 80 100 
Per Cent Lead 


lf Copper-Lead Alloys High in Lead 


ing the alloys to ix 
somewhat weakened 
under the influence o! 


Are Heated High Enough to Destroy 


the Emulsion They Cannot Be Chilled 


elevated —tempera- 


Fast Enough to Prevent Segregation of tures. Zine adds to 
the Lead. 


such as chilling and deoxidation, and the addi- 


tion of minor amounts of special elements. 
15‘. lead alloy cooled moderately rapidly and a 
S0°, lead alloy chilled, obtain a fair uniformity 
of dispersion because the lead coming out of 


solution has no opportunity to segregate. 


A 


From 


the constitution diagram it is noted that chilling 
from 2000° F. is beneficial only to those alloys 
of less than 38°. lead. Alloys of greater lead 
content must be heated to progressively higher 


temperature to achieve homogeneity and thus 
obtain full benefit from the chilling operation. 


Small additions of nickel 
move area marked “emulsion” to right 


the brittleness, which 
accounts for the mor 
rapid rate of weal 
when it is present. The best bearing bronzes « 
not contain zine and its presence is restrictec | 
below 1.0% in the specifications of consumers 

Phosphorus may be added to high leade: 
bronzes as it plays the part of a deoxidizer will 
respect to the copper. Additions of less that 
0.05% are rarely harmful but do lit!) 


~ 


unless they represent a distinct excess at! 
oxides have been reduced. Above 0.05. 10 ot 
metal causes the appearance of the free GU! 
and a reduction in the mechanical proper! 


Phosphorus probably serves in a dual 
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only cleansing the metal but 
ssibly furnishing nuclei of high 
iting that hasten cooling and 


is aid in more uniform disper- 
sion of the lead. 

Silver In cases where 
slightly elevated temperatures 
ire to be encountered in service 
md the superior properties due 

cold working are desired, the 
importance of selecting a grade of 
copper with high recrystallization 
temperature will be obvious. Sil- 
ver has rather a small effect on 
the mechanical properties and 
electrical conductivity, but has as 
sreat an effect on the recrystal- 
lization temperature of copper as 
inv clement, and for this reason 
may be added to copper-lead 


illovs. 


Modern Automobile Bearings Are Almost All Steel With 
Very Thin Surface Layer of Bronze, Machined to Jewel 
Accuracy. Photo courtesy Cleveland Graphite Bronze Co, 


LEAD BRONZES 


IN ENGLAND AND GERMANY 


Abstracted from 


Copper and Its Alloys in Automobile 
Design” by D. P. C. Neave, Journal, Institution 
Automobile Engineers, July 1937, page 24 


| l IS INTERESTING that two summaries of views 
on copper-lead bearings have appeared quite 
recently abroad, one in England and the other in 
Germany. The first mentioned is a part of a more 
seneral discussion of copper in British automobiles; 
the author, Mr. Neave, is general manager of the 
Copper Development Association of London. 

He notes that the Air Ministry specification 
DTD. 229 for “lead bronze” calls for approximately 
io copper, 25% lead, with up to 1.2% tin. This 
percentage of tin helps to diffuse the lead 
‘enly through the copper, but it reduces the 
ermal conductivity of copper by nearly one-half, 


t} 
' general it appears better to keep tin or other 
vddition agents as low as possible. For use against 
‘ialt steels in accordance with present aver- 


‘omobile practice there is probably something 
ud for still higher lead contents such as 
Weight, and 55:45, which are now in use. 

troubles ascribed io corrosion by the 
ng oils have also appeared in England. 
s-In oils are seldom used over there, the 
ining oils containing fatty acid additions, 
or more of oleic acid. This acid is sup- 


(b) “Zur Frage der Blei-Bronzen” by Willi Claus 
Metallwirtschaft, January 29, 1937, page 109 
Abstract and Comment in The Metallurgist, June 1937 


posed to cause differential washing away of the lead, 
leaving the copper matrix. Such a condition can be 
produced artificially by many hours of running 
with high bearing loads and acid oil at abnormally 
high oil temperatures of the order of 250° F., 
although even under these extreme conditions the 
denuded copper matrix does not damage the shaft 
at all in the same manner as would a bare steel 
shell. With ordinary oils the problem is one of acid 
formation due to oxidation, but with cooler crank- 
cases and the generally improved oil cooling now 
employed, trouble need not be expected. In fact, 
when temperatures mount high due to unforeseen 
troubles, copper-lead bearings have been found to 
have outstandingly good qualities. 

Copper-lead bearings have been employed in a 
number of designs for heavy duty big-ends and 
main engine bearings, chiefly where over-all space 
is restricted, because they have been found to 
permit an increased loading of about 25°> by com- 
parison with tin-base bearings. This somewhat 
dangerous generalization about loading is only 
quoted to give scale to the problem, and does not 
imply that copper-lead should displace tin-base 
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bearing metals except where design limitations 
enforce it. 

Under comparable conditions there is little dif- 
ference between the effective coefficient of friction 
of the two types of bearings. The copper-lead 
bearing, although possessing excellent thermal con- 
ductivity for the dissipation of hot spots, does not 
possess the facility for dispersing tight spots by 
superficial fusion to the same extent. It is therefore 
desirable to give copper-lead bearings increased 
clearance; for instance, if a given tin-base bearing 
has 0.001 in. clearance per in. of shaft diameter, the 
corresponding copper-lead bearing should be given 
about 0.0015 in. clearance per in. This need for 
increased clearance has also been attributed to 
greater thermal expansion, although this is difficult 
to justify. {Another explanation is given in the 
German paper to be quoted later.-Editor. | 


They Have Some Disadvantages 


Mr. Neave notes that much of the success of 
the high lead bronzes is due to successful manufac- 
turing technique which places a high copper alloy 
next to the clean steel backing and hence gives the 
strongest bond, yet gradually increases the lead to 
a maximum at the wearing surface. Such manufac- 
turing technique is generally held as a trade secret. 

The German article mentioned at the outset is 
abstracted in The Metallurgist and the reviewer 
adds a comment as to British practice which may 
now be quoted: 

“The author does not touch on the tendency of 
lead bronze to score the shaft as compared with 
white metals, nor on the necessity to use hardened 
steel for crankpins and journals. These, together 
with the relatively high first cost, are among the 
chief factors hindering the wider use of steel- 
backed lead bronze bearings in England, and it is 
probably true to say that in this country such bear- 
ings are not used in a particular application until 
it has been demonstrated beyond doubt that white 
metal is incapable of giving the service required. 
This having been said, it must also be agreed that in 
these cases steel-backed lead bronze bearings have 
been extremely successful. Truck and certain aero 
engines provide examples where this type of bear- 
ing has made all the difference between the failure 
and success of a design.” 

Germans are considering the bearing prob- 
lem from the standpoint of the strategic metals 
copper and tin, whose consumption is there closely 
restricted. The greatest opportunity for savings 
appears in the solid bearings; the service to be 
expected from them is known, and years of experi- 
ence have confirmed the suitability of lead bronzes 
for the largest types of bearing. 

The consumption of non-ferrous metals is only 
affected to a limited degree by a simple substitution 


of lead bronze for tin bronze and gun meta! jp 


solid bearings. Even such small saving as js 
achieved in this way is likely to be outweighed by 
foundry losses. If the substitution can be accom. 
panied by a reconsideration of design, however, 
substantial economies can be effected, since advan- 
tage can then be taken of the remarkable |oad- 
carrying capacity of lead bronze. This generally 
permits a reduction of the length of the bearing, 
and, in consequence, a saving of 25 to 30% in the 
metal required. 

If a solid bearing can be replaced with a stee! 
shell lined with a thin layer of copper-lead, the 
saving in copper is even more striking. In a par- 
ticular grinding spindle a weight of 6 oz. of lead 
bronze in the form of a lining in a steel shel! 
sufficed to replace a solid tin bronze bush contain- 
ing 14% tin and weighing 30 lb.! 

Mr. Claus continues with a discussion of assem- 
bly and operating problems, noting that the meth- 
ods used in the final machining of bearings lined 
with lead bronze are governed by the fact that lead 
bronze does not “run itself in” in the same way as 
white metal; a lead bronze lining is not scraped to 
fit, therefore, but must be finished by fine boring, 
preferably with a diamond tool. 

It is partly for the same reason that the clear- 
ance, with gravity lubrication, must be larger with 
lead bronze than with white metal bearings. The 
specific friction between lead bronze and oil ts 
relatively high, and this also demands a fairly 
generous clearance. Normal German practice in 
engine bearings is to use a clearance of 0.001 to 
0.0015 times the journal diameter. 


Small Clearances Permissible 


Generally, a decision as to the correct clearance 
to be adopted can be arrived at only by a separate 
consideration of individual cases. Thus, it is nec 
essary to distinguish between the conditions in : 
light diesel engine, with high dynamic loading and 
relatively great deflections of shaft and crankeas: 
and those in machine tools. Among machine tools 
again, there are two classes — one employed for fine 
machining with low static loads, and the other ! 
which rough cuts cause strongly alternatims 
stresses. 

Where necessary, however, extreme!) 
clearances can be used quite safely with lead bron” 
bearings provided the oil pressure is sufficient 
great. Thus, in certain machine tools, diametrie 
clearances of 0.0005 to 0.00075 are possible ith o! 


sma! 


pressures of 4 to 6 atmospheres. The low co flicien! 
of expansion of the steel shell in bi-meta! ! — 
is advantageous in maintaining such sma!) 
ances uniform and bearings of this type e¢ ~ 

re 


almost indispensable for operations W' 
highest precision must be maintained. 
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DIAGNOSIS OF METAL 


PART 


CARBURIZING 


By J. L. Burns 
and V. Brown 


Republic Steel Corp. 
Chicago District 


ROUBLES arising in the forging of metals 

were illustrated in the April issue of Mera. 
Progress. A second series, printed in June, had 
to do with troubles due to faulty grinding or 
machining operations. 

lroubles— some rare and some common, 
which are encountered in carburizing and the 
‘reatment of carburized parts — are illustrated 
in the following few pages in this issue, and this 
Part III completes the series. 

Most troubles are very simple on diagnosis 
and very irksome on occurrence, but practically 
all are associated with fundamental facts with 
which we are all familiar. The origin of most 
‘rouble is in the lack of application, or an 
improper application, of well-known facts to 
‘he particular job. Carburizing has been done 


‘0 long, and so much scientific study has been 
s'ven the process that many operating troubles 
alinost inexcusable. Yet they constantly 
secur. Witness the following items which we 
have classed as Spotty Depth; Carburizing Thin 
Sect : Heavy Cases; Thin Cases; Grain Size 
8 Overheated Work; Poor Subsequent 
if 


itment. 


TROUBLES IN INDUSTRY 


Transverse Section of 
a Carburized Piston Pin 
Photographed Double Size 


Spotty Depth 


Improper packing for carburizing, such as 
placing the parts too close together or failing to 
clean the parts of surface contamination, will 
cause variations in the case depth, not because the 
steel is variable or unsuitable, but because portions 
of the surface are mechanically excluded from 
sufficient exposure to the carburizing gases. The 
two photographs show such uncarburized spots 
on the external surface of a tubular piston pin, 
prepared for examination. The general depth is 
just about right, but it’s spotty. 


Longitudinal Section, Actual Size 
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Gears Like This Are NOT Unusual 


Thin case is a common cause for tooth 
failure. As shown in the above photograph of 
an automotive gear cluster, thin case can be 
responsible for crushed teeth when heavy loads 
must be carried. Many mutilated teeth were 
cut out of this gear, cross-sectioned and etched 
to show the depth of case, and this was found 
to average about 0.02 in., whereas for a tooth 


of this size and service, at least double that 


This IS Unusual 


depth of case would be regarded as good prac- 
tice. Even though such complete and disastrous 
breakdown does not occur, too thin a case is 
commonly the cause of rapid wear of tooth sur- 
faces or gears. 

The above is an interesting example of 
serious trouble resulting from an attempt to 
hurry the work through the carburizing furnac 


in too short a time. 


The photomicrograph at left at 100 dia 
ters is a cross-section through a case W!! 


turned out to be only 0.005 in. thick. 
tion whether such an excessively thi 
layer was due to too short a time under p! 
conditions, or too low a_ temperature 
burization to proceed at a reasonable 
answered by the microscope. Temper 
too low, for remnants of the forging 
are still apparent in the case. 

Sometimes small, spindly or flat p 
as typewriter bars are carburized, an 
must be done at low temperature (sa) 
since normal practice would carburiz 
to the very center. 
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CARBURIZING THIN SECTIONS 


Since low carbon steels are used for carburizing, the 
process gives the part a hard, wear resisting case which 
extends in from the surface a short distance, and a soft, 
low carbon core which gives the part the necessary duc- 
tility and shock resistance. If a given part, subjected to 
high impact service requirements, has some thin sections, 
they are apt to carburize completely through (or nearly 
so), giving the part undesirable brittleness at these points. 
The two figures herewith show portions of machine sections 
having thin walls; the smaller view is a piece that has been 
polished and etched to show it to be carburized nearly 
through at the point where the drill hole is near the surface. 

Selective carburizing or finish machining after car- 
burizing may be resorted to in order to avoid this condition 


and associated trouble. 


HEAVY CASES ALSO GIVE TROUBLE 


A segment cut from a damaged gear is shown at the 
right. An extremely deep case caused excessive brittleness 
in the teeth of this gear, and a tooth broke out under 
heavy load. 

Another tooth was knocked off this gear, sectioned and 
etched. The lower view, at six diameters magnification, 
siows the conditions. 

Case depth in this gear should have been about 15‘; 
of the width of the tooth at the pitch line. The micro shows 
that no true core (upon which ductility is dependent) is 
present— only a transition zone. 

lhe depth is too great. 
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GRAIN SIZE CONTROL 


Considerable trouble with carburized parts 
in service is still encountered and frequently 
this is due to a “brittle case.” 
grained steel is one of the reasons for a brittle 
‘ase, as is illustrated in the photomicrographs 
below. This cause was much more prevalent 
before the advent of modern steel mill practice 
which leads to grain size control. 


Use of a coarse- 


Magnification 100 diameters 


Coarse-grained steel like this, when quenched 
from the carburizing temperature (1700° F.), 


Magnification 100 diameters 


Fine-grained steel like this, when 
quenched from the carburizing 


AVOIDS TROUBLE 


“Fine-grained steel” in this instance means 
steel which retains a fine austenitic grain after 
8 hr. in a carburizing pot at 1700° F. — a size 
number of 6 to 8 on the A.S.T.M. chart, or 32 t) 
128 grains per sq.in. on a micro at 100 dia. Us 
of such steel for carburizing has eliminated 
coarse grain from its former classification of 
common trouble of brittle case. 


Magnification 500 diameters 


will have a coarse, martensitic structure like 
this, resulting in a comparatively brittle case 


Magnification 500 diameters 


temperature (1700° F.) will have 
a finer, tougher case like this 
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THIS TROUBLE IS RARE 


(hese pictures show the overheating and 
burning that occurred on the top of a few teeth 
en a carburized gear during its subsequent heat 
treatment. Although trouble of this nature is 
comparatively rare it does illustrate the fact that 
things thought impossible do happen in the course 
of processing. The failure of this gear was due to 
the overheating and consequent coarse, brittle 
structure at the teeth —especially in the case. 


Such a condition is most apt to 
happen in the older type of gas fur- 
nace, hand controlled, where the 
flame can impinge directly on the 
work during heating for harden- 
ing. The high carbon case with its 
comparatively low burning tem- 
perature is affected early by a hot 
spot so occurring when flame tem- 
perature is high. 


The top figure at 100 diam- 
eters shows the coarse austenitic 
grain size developed near the sur- 
face, indicative of overheating. 
the middle and bottom figures, 
both taken at 200 diameters on the 
same spot—-a corner of a tooth 

show actual burning. The 
unetched view shows an open 
s. and the etched view locates 
the crystal boundaries. 
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BAD AND GOOpD HEAT TREATMENT 


Aside from such an inexcusable overheating 
at the surface as illustrated on the preceding 
page, a common cause of failure is underheat- 
ing during treatment after carburizing. Corners 
of such faulty parts may chip off due to incom- 
plete solution of the hard, brittle carbides at 
grain boundaries, as shown in the top left micro. 
Or, the case may crack under load for lack of 
proper support by a core which may be “out of 
solution,” as shown at top right. 


Case Etched to Show Undissolved Carbide. X500 


Photomicrographs at the bottom of the page 
illustrate a case and a core both “in solution.” 
as may be obtained from a direct quench from 
the box or after reheating to a_ temperature 
sufficiently high to get both the excess cementit, 
in the case and the surplus ferrite in the core jp 
solution. 

Where case or core or both are “out of 
solution” a coarse-appearing fracture with asso- 
ciated brittleness is commonly observed. 


Core Etched to Show Surplus Ferrite. X00 


Examples of Case and Core Heated Too Low or Too Short for Solution of Excess Constituent 


Examples of Case and Core 


500 Diameters When Part Is 


Quenched From High Enough Temperatures to Put Both “in Solution” 
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Crystallography of the Chemfrcal Elemenis 


As Tabulated by William Hume-Rothery 
) “The Structure of Metals and Alloys” Monograph No.1, British Institute of Meta/s 


S 
Lattice |Interatomic | % 
Element Electron Axia/ 2 Constant Distance 
Atomic Arrangement |G2| Ratio | 
No. in Free Atoms | © 
NIN 
Group VIIA tn Periodic Sequence 
25 Manganese a=Cubic (note b — | 6894 — 
75 Rhenium 2 O 1.6/48 2.7553 4.4493\ 2.7349\ 2.2553\ 2.25 
Group VII 
9 Fluorine (2) 7 | — | 
53 Iodine 7 D | 9.795 | 9.780 | 2.70 | (notea| — 
| b= 2255 
85 Alabamine S218) 7 — | — 
Group Vill fn Pertodic Sequence 
26 Iron 2 — — | 24777| 
— — | 3.64+st 900°. | 2.580 — |252 
27 Cobalt (2U8)15)2 a=O 1.624 — | 2507 | 4.072 | 2499 | 2507 | 250 
— | 5545 2.507 2507 
28 Nickel a-O| /64 — |249 |408 | 249 | 249 | 249 
A=O — | 3.5170) — 2.4869 — | 2487 
44 Ruthenium IE) US) 1 O 1585 — | 2695 | 4273 | 2643 | 2695 | 267 
45 Rhodium (2HEJUBNI6) 1 — | 3.7955) — 2.6858 — | 2684 
46 Palladium - — | 3.8824 2.7453 2.745 
76 Osmium (QHEWEHZ2BWUNI4JE | O 1578 — | 2.730 | 4309 | 2.669 | 2.730 | 2.70 
77 Iridium — | 2.7091 — |2709 
78 Plstinum | S26) 2 — |3.9'58 2.7689 — 2 
Rare Larth Group 
58 Cerium (2HEW EU 2 1.62 6,6 | 565 5.9/ 5.65 365 |364 
B= 12 | 3.657 63: 
59 Praseoaymium| (2WEHIBH2ZOH9)2 0 1.620 6,6 | 3.657 | 5.924 | 5638 | Z657 | 3.65 
60 Neoaymium| O 1.608 6,6 | 5.657 | 5.88 3.6/9 | 35657 | 5.64 
68 Erbium 2 6,6 | 3.74 6.09 | 5.74 | 


votes 


‘(a) body-centered cubic; Dis face-centered cubic; O is close-packed hexagonal; orthorhombic 
(c/ Complicated structure with 20 


(6) Approximates Bwhere each lattice point is a 


atoms of two kinds in unit ce//. 


Cluster of 29 atoms ; / typeX,4 typeA,/2 type Do 
and /2 type D,. The X atoms occupy the largest 
volume and the Do the smallest. interatomic 
fances of neighboring atoms are as follows : 
Xx atoms have l2 Doat 2.71 

4A at 2.62 


1X at 282 

ID, at 2.49 and 3 at 2.96 

2.69 and 3 at 289 

1X 3t 2.7/ 

2A at 269 and / at 289 

/D2 at 2.24 and 2 at 2.38 

ID, at 2.45, Zat 25land Zat 266 
1A 38 249 and/ at 2.96 

/Dp at 2.45, 2at 2.5) and 2 at 2.66 
6D; at 267 


A stoms have 


D2oatoms have 


D; atoms have 


Lach atom of the first kind has 
J neighbors at 2.565 


5 u 2,530 
267/ 


fach atom of the second kind has 


2 neighbors at 
2 “ “ 


“ 
a ” 


2.550 
2.6/5 
u 2.659 
267) 


(d/ Atoms arranged in pairs so that 
each one has one Close 
at 270. Data from A.S.™M. 
Handbook. 


ets/s 


| 
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NEEDLESS COSTS NEEDLESS WEIGHT 


The trouble with costs is you can’t tell how much is needless 


mi 


until there’s a basis for comparison. But here's one that 
ought to be interesting to every user of tool steels. The shear blade 
pictured above operating on hard alloy steel stock was formerly 
made of carbon tool steel. After cutting 200 to 500 pieces, however, 
the blades regularly became spalled or broke out at the edges. But 
after the Henry Disston Steel Works furnished blades made of 
their “827” medium carbon Nickel-chromium steel, the average 
service life jumped to 3,000 to 6,000 cuts between grinds with no 
spalling or breakage. Nickel steel not only sheared more parts but 


sheared off needless cost. 


Here at the right we have a case 

where the cost of handling material 
was appreciably cut by reducing the 
weight of equipment, thereby increasing 
the pay load. By using “Yoloy”, a high 
tensile Nickel-copper alloy steel pro- 
duced by the Youngstown Sheet and 
Tube Co., Youngstown, Ohio, in the con- 
struction of this large breakdown coal z 


bucket, its pay load capacity was in- 
creased from 6 to 7 tons without increas- 


ALLOY STEELS 


ing its gross weight. 


ing Co., New Britain, Conn. Among tl 


You can't help but have respect for 
reasons are the inner race (A) made of 


the thrift of transportation equip- 


ment that delivers a million miles of serv- 
ice. At least that much mileage is given by 
the railroad coach journal bearing pic- 
tured at the left, a type that is used 
by 24 leading railway lines and 
manufactured by The Fafnir Bear- 


shock-resisting Nickel-molybdenum cat 
burizing steel and the housing bore (5 
made of wear-resisting Nickel Cas! 

We invite consultation on the many w4)> 
in which the Nickel Alloy Steels » help 


costs 


to reduce operating and maintena! 


THE INTERNATIONAL NICKEL COMPANY, INC., NEW YORK, ¥.’. 
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INTERNAL FISSURES 


BY SOAKING 


IN HYDROGEN 


From the Third Progress Report 


Investigation of Fissures in Rails 


Directed by H. F. Moore 
University of Hlinois 


ReAvers of Merat ProGress have been kept 

informed of the investigation of fissures in 
rails, sponsored by the American Railway Engi- 
Summaries of the first and 
second reports have been printed in issues dated 
November 1935 and July 1936. During the third 
year an extensive study of the wheel loads 


neering Association. 


vecurring in a portion of Santa Fe railroad 
irack carrying heavy freight tonnage, added to 
‘ie information already gathered, supported 
an ¢ arlier conclusion that while irregularities in 
‘he car wheels were chiefly responsible, stiffness 
of the track is a contributing factor to high 
wheel inducing high 
‘tresses In the rails. This matter of actual track 
‘iresses is being given intensive study because 
‘is believed that the direct action of high wheel 
‘arts an internal fissure, and bending 
s in the rail play an important part in 
ent growth, 


loads in dangerously 


SLTOS Ss 


Subse 


‘tional work also confirms the tentative 
n of the test party reported last July 
slow bend test (head down) is distinctly 
supe to the 


present standard drop test 


INDUCED IN RAILS 


(either head up or head down) as a detector of 


shatter cracks in rail heads. Furthermore, the 
slow bend gives an opportunity to estimate 
stresses during the test and also the ultimate 
strength at fracture. 

Since it is known that unsound rails some- 
times come from the mill, further attempts were 
made with a microphone to detect cracking dur- 
ing cooling. Even when eliminating outside 
noises heard in a cooling rail by comparing those 
from a cold dummy rail, both suspended from 
sound-damping blocks of rubber, the noises pro- 
duced by scale popping off the cooling rail made 
this test unreliable. It is therefore concluded 
that the microphone alone does not give much 
promise of usefulness. More promising results 
have been obtained from a combined test using 
acoustics and electrically induced vibration; a 
critical study of this is under way. 


Shatter Cracks Formed by Hydrogen 


{An editorial review of the efforts made by 
various steel mills to insure sound rails was 
printed in Merat Progress in July 1936, 
school of thought insists on slow and controlled 
precisely the prac- 
tice recommended to flakes in 
forgings. Professor Moore’s party: therefore gave 
some attention to the artificial production of 
shatter cracks in rails known to be sound. | 

During the past vear a considerable amount 


of work has been reported tending to show that 


One 


cooling almost stone cold 


avoid large 
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flakes, which seem to be about the same thing 
as shatter cracks, are caused by the liberation 
of hydrogen at low temperatures, this hydrogen 
having previously been in solution in the hot 
steel. Some tests were therefore made to deter- 
mine whether shatter cracks can be produced in 
‘ail steel heated in an atmosphere of hydrogen. 

Seven tests were made on six-inch pieces, 
taken from three different rails known to be 
free from shatter cracks. In five of the tests 
such cracks were formed and discovered by 
longitudinal slices after being etched. (It must 
be remembered that this method does not record 
all of the cracks in the rail, but only those found 
on the particular section chosen.) The accom- 
panying photograph shows four of the specimens 
in which cracks were produced in rails origi- 
nally free from shatter cracks, and a_ brief 
description of the heat treatment is given in the 
caption below the cut. 

These experiments, together with the results 
reported from Europe, offer reasonable proof 
that hydrogen can be one factor which produces 
shatter cracks or flakes in steel, but these tests 
do not justify the conclusion that hydrogen is 
the only factor which can produce these cracks. 
The logical explanation is based on the pre- 


Shatter Cracks Produced in Sound Rails by Heating in Hydrogen at 2200 to 2300 


Horizontal slices cut from heads, 
etched in hot HCl. Photographed 
half natural size. First at left is 
110-lb. rail cooled in air. Next is 


110-lb. rail heated 
fusion at edges, cooled in air; these 
considered to be found on both sides of '™ 
cracks. Next is 


cracks are not 
typical shatter 


sumption that hydrogen liberated during the 
cooling of steel finds difficulty in diffusing 
through the metal as the temperature is lowered 
and becomes trapped in the interior, probably 
collecting in the tiny spaces around inclusions 
and in any other small voids. 
built up in these small spaces may become yery 
high and are distributed over minute areas 60 
that the stress may exceed the tensile strength 
of steel, whereupon a small crack develops and 


The pressures 


relieves the pressure. 

When hydrogen exists in steel, its most 
likely source seems to be water vapor and steam 
which are formed by the combustion of fuel or 
sometimes blown into the openhearth furnace 
and the soaking pit. Steam at high temperature 
is an active oxidizing agent, and the hydrogen 
liberated by the reaction is fairly soluble in 
molten steel or even solid steel at forging tem- 
peratures. 


Hardened Ends 


A considerable portion of the third report 
has to do with studies of rails which have had 
their ends hardened in the rail mill by one o! 
five processes. 


right, is 130-lb. rail que 
1500° F.; many small cracks 


to incipient 


internal burst, but few © 


130-lb. rail cooled in air. Last, at 
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n process No. 1 the rail is cooled on the 
hot bed and the ends are reheated by induction 
nts to 1520° F. in 80 sec., after which it is 
water quenched by an automatically regulated 


cul 


flow of water for 30 sec. 

In the second process the rails were hot-bed 
eooled and box cooled. The end of the rail head 
was then reheated by a gas burner to approxi- 
mately 1550° F. in 3 min., and quenched with a 
iet of compressed air for 3 min. 

In the third process the rails after leaving 
the hot saws are cooled to about 1500° F. and 
the ends then quenched in a water spray for 30 


Progress, April 1931.) Hardness surveys 
on a section through these deeply hardened ends 
indicate that the hardened zones range from 
Rockwell C-31 to C-49 (279 to 441 Brinell). In 
the unhardened rail head the hardness range is 
from C-23 to C-31 (207 to 279 Brinell). Metal- 
lographic examination indicated a quite evident 
grain refinement in the hardened zone. In one 
or two cases a localized structure of martensite 
was found, but it seems likely that this was due 
to accidental irregularities occurring in heating 
or quenching. 

Comparative test specimens, as might be 


Results of Tests of Specimens From Ends of Heads of Rails 


UNHARDENED 


Weight of rail 


Elongation in 4 diameters 8% 
Reduction of area 14% 


1.7 ft-lb. 
120 ft-lb. 


136,000 psi. 
66,000 psi. 


Izod-Olsen test (notched) 
Charpy test (unnotched) 


Tensile strength 

Fatigue limit 

Hardness 
Brinell 250 
Rockwell C-30 | 


HARDENING Process No. 1 


131 Ib. per yd. 431 Ib. per yd. 


HARDENING Process No, 2 


HARDENED UNHARDENED HARPENED 


112 lb. per yd. 112 Ib. per yd. 


14% 12% 16% 
40% 22% 41% 
4.1 ft-lb. 1.9 ft-lb. 2.4 ft-lb. 


‘nbroken at 
225 ft-lb. 
142,000 psi. 
82,000 psi. 


Unbroken at 
225 ft-lb. 
165,000 psi. 
94,000 psi. 


120 ft-lb. 
123,000 psi. 
65,000 psi. 


350 240 310 
C-40 C-26 C-35 


to 45 sec., depending upon carbon content and 
When the body of the rail has 
cooled to 1000° F. a small cover about 6 in. long 


rail section. 


is placed over the rail head at the end. 

In the fourth process the rail is cooled on 
the hot-bed below the critical temperature and 
the ends then rapidly reheated to about 1500° F, 
and quenched in the water spray as in the third 
process. A small annealing cover is also used. 

In the fifth process the cold rail is cleaned 
of scale and the end reheated in a portable gas- 
lired furnace until the top of the head reaches 
1000 to 1600° F. This takes 4 min. The furnace 
's then removed and a quencher immediately 
placed on the hot rail, the quenching medium 
being either cold air at 70 lb. pressure or air 
with some steam (in the event the steel is some- 
what low in carbon). 

\ll these processes give a rather deep pene- 
‘ration of hardness into the head of the rail, in 


eXtreme cases actually extending to the web. 
Ot processes of flame hardening are used 
‘iter the rail is laid in track to produce a much 
SI er zone of hardness, which condition is 
“ some to be more desirable. (For one 


cess see an article by M. D. Bowen in 


expected, showed higher strength values in the 
hardened material than in the unhardened steel 
nearby. “The surprising result was found that 
for the end-hardened rails so far tested, not only 
are the tensile strength and the fatigue strength 
increased in the hardened part, but also the 
ductility as shown by elongation and reduction 
of area, and the toughness as shown by the 
impact test.” This was explained by referring 
to the finer grain structure in the heat treated 
material and is regarded as “a striking illustra- 
tion of the possibility of increasing the strength 
of high carbon steel without reduction of duc- 
tility by proper heat treatment.” [These same 
conditions are noted in an article in Mera 
ProGress concerning the manufacture of cross- 
ings and special work of heat treated rail, by 
Edwin W. Goodaire in March 1936. It should 
be remembered that rail steel, cooled on the hot- 
bed, cools slowly enough to transform directly 
into pearlite wherein the carbide is in laminated 
platelets, whereas the same steel after subse- 
quent quenching and tempering has most of the 
carbide in finely dispersed particles (sorbite). 
improvement of 


Hence the simultaneous 


strength, ductility, and toughness. | 
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CORRESPONDENCE 


Mechanism of “Peeling” 
of a Zinc Coating 


Special Letter to Mera. ProGress 
by GrorGe F. Comsrock 
Metallurgist, Titanium Alloy Mfg. Co. 


IAGARA FALLS, N. Y.—J. L. Schueler’s 

paper on “Galvanized and Galvannealed 
Sheets” in the May Merar ProGress was interest- 
ing, but I believe incorrect in one or two 
statements. These are that the galvannealing 
process causes the zine coating to become “more 
malleable,” and that heavy zine coatings are 
“inherently brittle.” Also the photomicrograph 
on page 902 is not typical of any galvannealed 
coating that I have seen, although | must admit 
that my experience was obtained several vears 
ago and present practice may be different. At 
that time, however, a rather careful investiga- 
tion of zine coatings on steel and their peeling 
or “brittleness” was made, and I hope that these 
results of that work may still be of some interest 
to readers in this connection. 

It is well known that a normal hot-dipped 
zine coating on steel consists of three layers; 
first an inner alloy layer next to the steel, con- 
tinuous and usually comparatively thin and 
uniform; second an outer alloy layer, often 
thicker and more irregular; and third the out- 
side layer of zinc. The inner alloy approaches 


AND 


FOREIGN LETTERS 


Fe,Zn,, in composition, and the outer one FeZn 
All galvannealed coatings that I have seen ar 
uniform, consisting of but a single layer, prob- 
ably Fe,Zn,,, since there is of course an excess 
of iron in contact with the alloys during th 
annealing of a coating on steel. Now in view ot! 
what is known regarding the comparative brit- 
tleness of intermetallic compounds, does it nol 
seem rather strange to claim that a coating of 
this compound Fe,Zn,, is more malleable than a 
coating composed partly of relatively pure and 
uncombined zine? 

Mr. Schueler’s statements regarding th 
peeling of zine coatings are quite correct. Thick 
coatings made by the ordinary hot-dip process 
on low carbon steel often peel badly when thr 
coated steel is bent. This does not mean, how- 
ever, that the coating is brittle but merely that 
the bond with the steel is weaker than th 
lengthwise strength of the coating itself, so thal 
when the steel is bent the coating tends ' 
remain straight rather than bend with the stece! 
This causes the two to separate, and large flakes 
of the coating become free, or “peel.” 

The top photomicrograph on the nes! pase 
is submitted to illustrate the fact that ti 
ration occurs between the inner layer , 
coating and the steel. The galvanized sfee! 
specimen photographed for that view \ 


back and forth before being mounted Ss 

tioning, polishing and etching. If this ine 
. rative! ug! 

had been brittle, and not comparativ: 
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nethwise section of a galvanized 
ft steel wire after bending and 
traightening, etched with 1 drop 
INO, in 10 alcohol, and magnified 
100 diameters. The lowest strip is the 
eel base, and the topmost is soft 
etal in which the specimen was 
ounted. In between is the coating, 
ith two alloy layers and a layer of 
zine. Separation is shown between the 
steel and inner alloy layer. 


Lengthwise section of a non-peeling 
galvanized soft steel wire, bent, etched 
and magnified as above and showing 
lavers of the same character. Although 
transverse cracks of the alloy layers 
are prominent there is no separation 
of the coating from the steel base. 


Lengthwise section of a galvannealed 
coating, bent, etched and magnified in 
the same way, showing the steel below, 
the coating in the middle, and the 
nounting at the top. This coating is 
homogeneous but rather badly cracked. 


Fractures in Zine Coatings 
on Wire Due to Bending 


due to the free zine layer, it would have broken 
ip crosswise into a lot of little pieces, instead 
of peeling off in a large flake. 

A non-peeling hot-dipped zine coating, after 
bending as above, is shown in the second view. 
Here crosswise cracks can be seen in the alloy 
layers, while the outer zine coating, being tough 
and malleable, did not crack —and it is also 
noted that there is no separation between the 
coating and the steel base, which means no 
peeling. The bond here was stronger than in 
‘he first case, but the alloy layers were at least 
is brittle or seemingly even more so. 

Finally a galvannealed coating, after similar 
‘reatment, is shown in the third photo. This 
roating is all one alloy constituent, and is seen 
ve badly cracked, though not separated from 
steel base. This alloy is, as would be 
“Speclod, just as brittle as the alloy in the second 

\ it the bond with the steel is also strong, 
‘pansion of the outer layer (or coating) 
ending is taken care of by transverse 


cracks, the lengthwise strength against cracking 
being in this sample less than the adhesion of 
the cracked portions to the steel. Of course 
there are some lengthwise cracks too, which 
were enlarged by etching, but the cracked por- 
tions must be held together somehow, possibly 
by interlocking, since it is true that galvannealed 
coatings resist peeling in a remarkable way, 
considering their inherent brittleness. 

I trust that these illustrations may give a 
clearer idea than Mr. Schueler did of the differ- 
ence in properties of these kinds of zine 
coatings, and of the actual mechanism of “peel- 
ing”. There are certain kinds of zine coatings, 
containing other alloys than iron, that fly off in 
the form of fine powder on bending, and these 
are truly brittle, but the ordinary thick hot- 
dipped zine coatings on low carbon steel do not 
behave in that way and are not brittle, even 
though they may peel off when the coated steel 
is bent. 

Greorce F. Comsrock 
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Divergence of European 


Standards 


Special letter to Merat ProGress by 
Feperico 
Consulting Metallurgical Engineer 


vom. Italy — It is generally admitted that 

the widely different points of view of the 
various European countries on a great number 
of political, economical, social — and even tech- 
nical — problems will be a serious hindrance to 
the formation of the “United States of Europe.” 

Not all those problems have the same 
importance, and it will be easily admitted that 
many of them (such as, for instance, the prob- 
lem of disarmament) are certainly more impor- 
tant, and perhaps more difficult of solution than 
the problem of fixing the best depth of notch for 
impact test bars! Nevertheless the useless 
attempts made during many years to find a 
“European” solution of this problem may give, 
perhaps, an approximate idea of the difficulty of 
solving some of the others. 

In previous letters I had the opportunity of 
noting the extensive discussions that have taken 
place during past years, in many international 
congresses, leading toward the European stand- 
ardization of test bars. Yet the present situa- 
tion is well stated in the first sentence of a recent 
paper by S. Menghi (La Metallurgia Italiana, 
August 1936), which runs as follows: 


“After the success of the efforts in view 
of the international standardization (at least 
for continental Europe) of the dimensions of 
impact test bars (10 x 10 x 55 mm.), the ques- 
tion of depth of notch is still under discussion 
after many vears, and an agreement is not yet 
in view.” 


In fact the test bar of standard dimensions 
has been adopted now for many vears by all 
European continental countries, but practically 
each important one has adopted a different 
depth for the notch: 3 mm. in Germany; 2 mm. 
in Italy; and 5 mm. in France. A great deal of 
experimental research is carried on in each 
country to prove the superiority of the special 
notch adopted! These experimental data have 
been — and will probably be for many years to 
come — the subject of long and detailed discus- 
sions in the international congresses, with the 
only practical result of rendering more and 
more difficult the attainment of a final inter- 
national standard. 

Though this last statement may seem at 
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first sight a paradox, it exactly corresponds {, 
the truth, as Mr. Menghi justly remarks jy 4), 
above quoted paper. It is evident that since t), 
impact test has been generalized in the field o 
industrial products, enormous amounts of dats 
have been and are being accumulated, and {}y 
difficulty of changing their basis of reference 
as would be necessary if the type of test ba 
should be changed —will increase in direc: 
‘ratio with the increasing amount of such dats 

The above remarks may seem trivial to a: 
American reader, who cannot now realize {ly 
difficulties associated with the multiplicity oj 
neighboring and technically advanced nations 
It is possible that the future of pan-American 
projects will cause such troubles as those con- 
nected with the standardization of notches | 
become much more familiar to metallurgists 
in the United States of America. 

Freperico 


Directional Properties in 
Brass Strip 


A Correction by 
J. D. JeEvons 


Joseph Lucas Research Laboratories 


BR IRMINGHAM, England — In abstracting m 

discussion of Dr. Cook’s paper on the abo 
subject vou have attributed to me statements 
which I did not make and which are incorrec! 
|Editor’s Note 
report in a British periodical, and not from 


The abstract was made from 
thi 
version issued by the Institute of Metals, wii 
was not then available. | 
On page 676, line 9 of Merat Process ! 
June, the following sentence occurs: 


“It is particularly interesting to observ: 
that the splits (due to directional properties 
always occur at approximately 45° to the 
direction of rolling.” 

This statement, expressed by you as @ gene 


one, is untrue: with rolled brass sheet, for exam 


ple, maximum ductility usually occurs at 
to the direction of rolling, and splits weve 
and 9° to this 


therefore tend to occur at 0 
direction, not at 45°. In its proper ifext Uh 


statement described steel sheet proc sed 


it often is) so that minimum ductility occu! 
at 45° to the direction of rolling. 
The next sentence, “It is hard to con’! 
a user that this (splitting at 45°) is due to detec 
condl 


in his forming tools or some other sh 
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does not represent any of my remarks. 
Indeed, I had just shown that this splitting was 
nol due to tools or shop conditions but to exces- 


sive directionality in the sheet. 

in the last paragraph on the same page you 
sav: “The length of the tear so made, while 
doubtless representing the combined effect of 
more than one property of the sheet, will be 
approximately equal in sheets with minimum 
directional differences, and markedly various 
in sheets that have distinct directional proper- 
ties.” I did not say or imply that tears of equal 
length can be obtained in commercial practice. 
| have never tested a sample in which the tear 
length values obtained at 0° and 90° to the 


direction of rolling were even nearly equal. 

In describing the details of the tear length 
test you give the width of the flap as 1, in. The 
standard width in this country and on the Con- 
tinent is 1 em., the value I actually gave. If your 
readers start experimenting with 44-in. flaps 
their results will not be comparable with those 
of their friends across the Atlantic, and con- 
fusion may arise. 

J.D. Jevons 


Free-Cutting Aluminum Alloys 


Special letter to MeraL ProGress by 
Hans DirerGarren 
Metallurgist, SKF Ball Bearing Co. 


HWEINFURT, Germany — Special signifi- 

cance has been attached in recent years to 
the free-cutting aluminum alloys, which are at 
present of considerable interest. 

In the past the machining of high strength 
iuminum alloys has encountered economic 
onsiderations leaving much to be desired — for 
example because of high tool wear, difficulties 
iused by long chips, quality of results in thread 
culling, surface conditions, and other require- 
nents. The viewpoint that led to the introduc- 
of free-cutting steels and brasses was 
re applied to the aluminum alloys — that 
it a special free-cutting aluminum alloy 
should be created. 
in the vears 1931 and 1932 M. Hansen and 


' menthal found that the addition of lead 
O | aluminum resulted in the shortening of 
ps formed in machining (Zeitschrift fiir 


irtschaft, vol. 10, 1931, p. 925 and vol. 11, 
ES ige 671). These investigations were not, 
r, intensively pursued. 

development of the free-cutting alloys 
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in America and the theory on which this devel- 
opment was based were discussed in Merai 
Procress by L. W. Kempf and W. A. Dean (July . 
1935) and by L. W. Kempf and A. Hartwell 
(December 1936). Among others should be men- 
tioned the alloys containing additions of lead, 
bismuth, copper, zinc, cadmium, and silicon. 


The investigations which have been carried 
out in Europe, both in practical operation and 
in various laboratories, are reflected in the pub- 
lications of H. Bohner (“Free-Cutting Light 
Metal Allovs Based on the Aluminum-Mag- 
nesium Alloys,” Zeitschrift fiir Metallkunde, 
September 1936, page 290); of G. Masing and 
G. Ritzau (“On the Problem of Free-Cutting 
Aluminum,” Zeitschrift fiir Metallkunde, Sep- 
tember 1936, page 293); and of E. Vaders 
(“Influence of Structure on Chip Formation and 
Area of Cut in Free-Cutting Alloys With Special 
Reference to Aluminum Alloys,” Zeitschrift 
Metaliwirtschaft, August 1936, page 814). Space 
prevents reprinting the details of these ivestiga- 
tions here. It will be sufficient to note that 
Bohner worked on “hydronalium” (aluminum- 
magnesium alloys), while Masing and Ritzau 
worked primarily on the alloys containing lead. 
Both investigators have based their results on 
photomicrographs and numerical information 
and have illustrated the practical aspects by 
photographing various forms of chips made in 
turning, milling and drilling. 

The importance of the free-cutting alumi- 
num alloys induced the Aluminium-Zentrale of 
Berlin to discuss the subject exhaustively at a 
meeting of its materials committee in Aachen 
early this vear. The complete papers are 
collected in a special issue of the publication 
Aluminium for March 1937. 

In his lecture entitled “Free-Cutting Light 
Metal Alloys of the Aluminum-Magnesium 
Type.” H. Bohner summarized in eight points 
the principal requirements for a_ free-cutting 


aluminum alloy: 
1. High strength together with good elon- 
gation and ductility. 
2. Good corrosion resistance, 
3. Good pouring qualities without compli- 
cated special handling. : 
1. Ability to take the anodizing treatment : 
readily for surface protection. 
5. Ability to economize on aluminum by 
substituting for a certain percentage of the alu- 
minum content any of the elements available in 
Germany in large quantities such as magnesium, 
iron, or silicon. (Continued on page 180) 
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Hot Rolled Rod 


mm. 


Drawn 3 Passes to 6 mm. Patented Rod 


Patented in Process 


Drawn 4 More Passes 


Grain Size After McQuaid-Ehn Car- 
burtzing Test of Wire Rope Steel 
in’ Various Stages of Manufacture 


Influence of Cold Work on 
Austenitic Grain Size 


Special letter to Mera, ProGress by 
ALBERT M. Porrevin 
Editor, La Revue de Métallurgie 


ARIS, France — We have already pointed out the lin. 
itations and conventional significance of grain size as 
defined by the McQuaid-Ehn cementation test. In the firs 
place, only one point on the geometric surface represented 


N 


is obtained; this is the point corresponding to the numbe 
of austenitic grains N per unit of section for a heating 
temperature ¢@ = 1700° F., and a heating time ¢ of 8 ly 


by the function 


A second limitation of this test as characterizing the stee! 
being investigated is that the influence of previous 
mechanical and heat treatments is neglected, such as 
refining, cold working, hardening and annealing. 

This is derived from the fact that the grain of thy 
steel and its behavior when heated depend primarily o 
the conditions of manufacture and secondarily on th 
treatment, or conditions of transformation, Therefor 
the grain of the steel — or, more precisely, its method 
growth — may be considered to be somewhat charact 
istic of the ingot, although, as shown by Epstein, Nead 
and Washburn, there may be no noticeable difference 
after rolling between a so-called coarse-grained steel! an 
a fine-grained steel, vet the difference becomes visib! 
after the carburizing test. It would, however, be wrong 
to neglect entirely the conditions of transformation and 
treatment. Grossmann’s experiments (Transactions §. 
Vol. 22, page 861, 1931) have shown the influence of pr 
vious heat treatment and forging. 

The following steps in a recent experiment clear! 
indicate the effect of cold work: 

1. Hard steels (O.85'. carbon and 0.55, manganes: 
for high strength wire rope were selected in the form | 
hot rolled rods 9 mm. diameter. 

2. A quench into a lead bath so as to obtain very 1 
troostite or pearlite. (For this purpose rapid cooling mus! 
lead to the temperature at which the Ar’ transformal 
occurs in the minimum of time — that is, only a ! 
seconds.) This is provided by a quick dip into a lew 
bath at 780° F. of a coarse-grained steel heated at 16% | 

3. Drawing through dies, reducing the diameter !! 
to 6 mm. after three passes. 


1. A repetition of the quench into a lead bath, @ 
the start. 
5. Subsequent drawing, reducing the diameter ' - 
mm. after four passes. 
it 


The corresponding photomicrographs — @! 
diameters — show the condition of the steel 1 
these stages after the McQuaid-Ehn cemen! 
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od etching the polished steel with sodium 


is obvious that the number of grains per 
rea varies in the ratio of 1 to more than 5 
for the same steel submitted to the same test but 
‘ollowing different mechanical treatments. 

Refining by hot forging also affects the grain 
spowth behavior; thus, a given steel forged into 
small bars (for instance, 8 mm. in diameter) 
will show grain growth at a lower temperature 
than though it were forged into big bars (for 
ystance, 20 mm. or more in diameter). This is 
sot due to the dimension of the bars, for the 
same observation can be made if test pieces of 
the same diameter are machined from the big 
bar and the small one. 

fhus there is good reason to qualify the 
erain size and hardening power of a steel by 
testing samples submitted to various hot rolling, 
hot forging or cold working treatments — for 
ustance, bars in which the ratio of section to 
perimeter is 2, 3 and 5. 

ALBERT PORTEVIN 


Delray Turbine Blades 


A Correction by 
W. J. Dawson 
Director, Hadfields Ltd. 


HEFFIELD, England In the article 
entitled “Pipe, Valves and Turbines for 
iligh Temperature Steam” by R. M. Van Duzer, 
'r., appearing in the June issue, it is stated that 
‘he first stage buckets of the turbine of the 
second experimental installation in Delray 
vower House No. 3 were made from “Midvaloy 
\TV-1.” 
May we be allowed to correct this by saying 
‘hat these particular buckets were in fact pro- 
‘duced from “Hecla/ ATV” steel manufactured 
ourselves. This was correctly stated by 
thompson and Van Duzer in an earlier article 
“High Temperature Steam Experience at 
oil” in Combustion for November 1933. 
asking you to publish this correction, 
'y we explain that our friends, The Midvale 
possess the rights of manufacture in the 
‘uited States of the well-known “ATV” steel. 
ever, the Delray turbine was constructed 
s country by the British Thomson Houston 
provision of the “ATV” blading fell to 
is ning the similar rights for the British 


W. J. Dawson 


ra 


Voids in Graphitic Steels 


Comment by 
M. L. Samvens 
Battelle Memorial Institute 


OLUMBUS, Ohio — In the very interesting 

and instructive paper on “Developments in 
Graphitic Steel for Tools & Dies” by Messrs. 
Bonte and Fleischmann which appeared in the 
April 1937 number of Merat Progress the state- 
ment is made that after graphite precipitation, 
absorption during a subsequent heat treatment 
leaves voids or microscopic pockets which act 
as Oil retainers. This statement is somewhat 
puzzling and is contrary to results obtained at 
Battelle Memorial Institute in some work for 
Bethlehem Steel Co. on a comparable steel. 

The left hand figure on page 168 shows 
nodules of graphite after a slow cooling treat- 
ment which produces a completely malleable- 
ized structure. The steel was then reheated to 
1700" F., quenched in oil and drawn at 900° F., 
and the right hand figure shows graphite nod- 
ules after this treatment. 

The drawing temperature is too low for any 
graphitization to take place. The graphite in 
the second view therefore survived the hard- 
ening treatment. Further evidence to this effect 
is that graphite nodules have been observed in 
the quenched condition before any drawing 
treatment was applied. 

A mechanism whereby the graphite would 
be taken into solution, leaving a void, is difficult 
to comprehend. It would seem that when a 
material such as that shown in the first figure 
is heated above the transformation range the 
graphite would go into solution up to its limit 
of solubility as controlled by the composition 
of the steel and the temperature. Supposing this 
solubility to be higher than the total carbon 
content of the steel, how would the microscopic 
pockets be produced? 

It is thought that the outer portion of the 
graphite nodules and the iron dissolve into each 
other forming a zone of carbon-rich austenite. 
Diffusion from this zone into the iron regions 
further away from the graphite would lower its 
carbon content so that further solution between 
the graphite and its adjacent layer of austenite 
could take place. In this manner the austenite 
advance would reach the center of the nodule 
at the instant the last particle of remaining 
graphite dissolved. 

If a void is formed it would seem that the 
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carbon atoms at the surfaces of the nodule going 
into the iron lattices would leave a space 
between the nodule remnant and the iron. How, 
then, would the remaining or central portion of 
the graphite particle jump through this space 
and enter the iron? 

In the production of “white heart” malle- 
able castings a highly oxidizing condition 
removes the carbon from the surfaces. This 
surface, or carbon-poor layer, takes up carbon 
from the richer zones back of it and then in turn 
vives this carbon up at the surface through oxi- 
dation, This action is repeated until the graph- 
ite from the center is removed, but, such castings 
do not contain voids. Is not this mechanism of 


Specimen held at 15007 F. for 1 hr., 
cooled 100° F. per hr. to 1000°) F., 
removed from furnace and air cooled 


Reply by Mr. Heischmann 


ANTON, Ohio — Mr. 
the actual formation of voids or micro. 
scopic pockets during the resolution of th 
graphite in graphitized steel is quite under. 


Samuels’ doubt as ty 


standable. 

However, the fully annealed and _ graphj. 
tized steel by chemical analysis shows a fre. 
carbon content of 1.10°. while the same sampk 
after subsequent heat treatment gives a graphit 
analysis of only 0.68°.. Nevertheless, the num. 
ber and size of the apparent graphite inclusions 
in both samples remained the same. This fae 
only can be explained by the assumption tha! 


After treatment as at left, specimen 
was reheated to 1700° F., quenched 
in oil and drawn 1 hr. at 900° F, 


Hardening of a Graphitized Steel Does Not Always Produce Voids. (Unetched Micros at 500 Dio 
Analysis: 1.560 C, 0.38% Mn, 0.0080 P, 0.0240 1.10% Si 


solution and diffusion the same as in the case 
reported by Bonte and Fleischmann? 

As to the practical side of the question, the 
small graphite nodules themselves, of course, 
act as lubricants and prevent scoring and exces- 
sive wear probably as effectively as would an 
oil-retaining pocket. Doubtless, at the wearing 
surface the graphite particles may be partially 
torn out and such an oil pocket as described 
may eXist but the conception as to how an actual 
void can be produced by the solution of the 
graphite is not very clear from the metallurgical 
point of view. 

M. L. SAMUELS 


the graphite inclusions in the heat treated spec’ 
men are partial voids. This condition actuall) 
could be demonstrated under the micros®° 
after the most careful preparation of the much 
samples, although the reproductions in 
paper as published in Merat Process de | 
illustrate this point too well. 

We feel that the re-solution of the graph 
into the matrix of the steel requires an intern 
diate phase and that the carbon in the solids 


cannot be absorbed by the steel but has '° > 

through a gaseous phase. Oxygen © vdrog 

in the steel probably is the carrier o! cam 


Martin Fie! 
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. TR. ey 
BELL sYSTEM seERVICE is BASED 
ORGANIZED FOR SERVICE 
ll on Western Electric THE PUBLIC 
The Wester Electric Company is an 
The name “Western Electric telephone equipment categral part the Ball 
high quality at low cost Your Bell telephone arpose equipment of high 
every othet Bell compary> shares the bene- Western Elec 
a ovement 
i in: 
a one—saved millions of | 
= d helped to give this portant to the public than ever before. | 
NE SY 


PERS ONALS Edgar Brooker @ has resigned E. C. Black @ has resigned a. 


from the Standard Oil Co. of resident agent for The Midya) 

J. L. Auer @ has left Crocker California to take a position as Co. in Los Angeles and formed , 
Wheeler Electric Mfg. Co. to join metallurgist for the Santa Fe new company known as Top 
R. Hoe & Co., Inc., New York, as Railway, Test Division, Topeka, Steels, Inc., representing the To, 
assistant works manager. Kansas. Steel Division of Henry Disstoy 


& Sons, Inc. for the states of Cali. 


H. O. Dahike, U.S.N. @ has Robert H. Heyer formerly !ornia and Arizona. 
been transferred from duty in the instructor of metallurgy, Purdue 
office of the Inspector of Naval University, is now in the O. E. Romig ©. formerly con- 
Material to the U.S.S. Memphis as Research Department of The tact representative in the sheet 
senior assistant engineer officer. American Rolling Mill Co. and strip division of the Metal- 


lurgical Department, has bee: 
appointed assistant research 
engineer of the Pittsburgh Dis. 


trict Research Laboratory, Car- 
negie-Ilinois Steel Corp 


——ai the presidency of S.K.F. Steels 


Gosta Lofberg © has resigne 
FORTHE’ TOUGHEST” METAL WORKING CONDITIONS ne. 
Uddeholm Co. of America, Inc 

New York. 
Is Deep Drawing Anthony M. Setapen @ has 
Of Stainless Steel accepted a position as junior 


research associate with th 
@ a Problem with You? 


American Metal Co., Ltd. al the 
National Bureau of Standards i: 

IF SO, WIRE OR WRITE AT ONCE FOR Washington, D. C. 
FREE WORKING SAMPLE OF S. A. Silberman @, Claud § 
Gordon Co., Indianapolis, has 
t been appointed electrical eng 
Ja r € neer of the Indianapolis Zone }) 


the Contest Board of the Ame: 


‘SUPER: KOOL” can Automobile Association. 


John A. Shaw @ is now eh 
neer for Speer Carbon Co 


EXTRA HEAVY DUTY 


DRAWING COMPOUND 
joined the staff of the Act 


Standard Engineering 
A thoroughly tested deep drawing lubricant widely recommended Youngstown, Ohio, as electric 
by leading makers of stainless steel, and in daily use by well 
known production plants. 
Stuart's SUPER-KOOL sprayed or brushed on the stock R. C. Hudson USN. @! 
prevents metallic seizure and allows proper slippage when angles ct 
are sharp and where pressures are extremely high. Containing no 
pigment its cleanability is an interesting factor to many plants. U.S.S. Sands and 
Address request for free sample to duties of executive office! 
General Offices, 2727-2753 South Troy Street, Chicago Naval Boiler Laborator) 
Navy Yard in Philade!phie 


D. A. UA RT & Cu: George E. Smith, 


ESTABLISHED 1865 dent of melting and tv's! 
CHICAGO ‘Ss. A. also been made gener: SUP“ 
Warehouses in Principal Industrial Centers tendent of The Miva! 


Philadelphia. 


engineer. 


relinquished commanc 
assumed 
of t 


at 
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: Increasing the life of forging dies 


Die renewal is always a factor in the production cost 
of forged parts. And when actual instances appear 
showing die expense being slashed and not just 
shaved, the subject becomes one of major importance. 

Our records hold a recent case example in which 


die blocks from a former material lasted only a week 


to ten days. Blocks containing .20-.30 carbon, 3.5 nickel 


and .35 Moly lasted three months. 


Since Moly greatly increases steel's resistance to 
sudden heat impact, it quite naturally adds to the 
life of forging dies and thus substantially cuts down 


production costs. 


Our technical book, “Molybdenum,” will prove useful to engineers and production heads interested in cost cutting and product 


mprovement. Our monthly news-sheet, “The Moly Matrix,” keeps its readers informed on Moly developments. Both sent free on 


PROD 


request. Our laboratory is available for the study of special ferrous problems. Climax Molybdenum Co., 500 Fifth Ave., New York. 


-ERS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 


Climax Mo-lyb-den-um Company 
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PERSONALS 


W. E. Leuchtenberg, president, 
Alpha Lux Co., was badly injured 
in the Hindenberg disaster, but 
is now well on the road _ to 
recovery. 


Oren H. Marshall @ has been 
promoted from electrical engi- 
neer with Rochester Gas & Elec- 
tric Co. to industrial manager of 
Erie Lighting Co. and Pennsyl- 
vania Electric Co., Erie, Pa. 


Take practically any tvpe of tree 
machining steel Chapmanize tc for 3 hours 
and vou get a diamond-hard, ductile-tough 
case that holds its own in service with costly 
nitrided allovs, outwears carburizing 9 te 1 


This case can be applied in anv depth from .002” 


to .035" and it won't chip, flake, corrod 


warp, distort. Long pieces can be bent or 


straightened without fracture or cracking. Th 


William Printz @ has been 
appointed sales manager for the 
Eastern Division of the Wheelco 
Instruments Co. of Chicago. 


I. Ott @ has resigned from 
Landis Tool Co. to be associated 
with his father in the Ott 
Machinery Sales Corp., Detroit, 


as secretary and treasurer. 


Harvey T. Harrison has been 
appointed sales manager for the 
Duraloy Co., Scottdale, Pa. 


| 


STEEL 70 was 


WEAR Numbers indicate loss of weight in 001 grams per sq. in. 
after 30,008 strokes, metal to metal, dry 


process itself is simple the bath retains 
long-term stability and work is clean, uni 


form, tree from soft spots 


These features have opened new ways to 
product improvement and lower costs for man\ 
concerns where this exclusive, patented process 


is in dailv use. Designers and production men 


wited to write for new illustrated book 


on CHAPMANIZING 


Th CuapmMan Vatve 


MANUFACTURING COMPANY 


INDIAN ORCHARD, 


MASSACHUSETTS 
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H. H. Seabrook, Jr. & has heey 
made sales engineer for Yarnal). 
Waring Co., in the Pittsburg 
and West Virginia territor, 


J. P. Boore has been appointed 
assistant general sales m nage! 


for The Babcock & Wilcox Ty), 
Co., Beaver Falls, Pa. 

Edward W. Ristau has bee 
elected vice-president of Skilsay 
Inc. 


Thomas R. Owens has heey 


appointed superintendent of th: 


Gary sheet mills of the Carnegie- 


Illinois Steel Corp. 


E. P. Crawford has been 


appointed factory representatiy: 
in the Pennsylvania territory fo: 
The Billings and Spencer Co. o! 
Hartford, Conn. 


Frank Day, E. J. Ramaley an 
Howard L. Womochel have been 
appointed to the technica! staff o! 
Battelle Memorial _ Institut 
Columbus, Ohio. 


R. Bottenfield, a mil! sup 
intendent for Carnegie-lIllinois 
Steel Corp. at Gary, IIL, has bee: 
transferred to Alabama, where bh 
will become superintendent of th 
tin mill of the Tennessee Coa 
Iron and Railroad Co. He is sue- 
ceeded by L. S. Dahl, whos 
position as superintendent of th 
cold” reduction and annealing 
departments is taken by Harry 
Gude. A. L. Billeter in turn 
becomes assistant superintendent 
of cold reduction, succeeding Mr 
Gude, and Ross O. Laub is the 
new assistant superintendent I 
charge of annealing, Mr. Billeters 
former position. 


Frank Mooney las bee! 
appointed superintendent of th 
No. 2 Openhearih Plan! 
Gary Works of the Carn gie-Illi- 
nois Steel Corp. 


Don McCormick as 
appointed as are weld! onsu 
ant for the Kansas City offic 


Lincoln Electric Co. W. H. Bor 
and E. A. Webber hive be 
appointed to the New York 0 


lé 
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HOGGING DOWN HUGE FORGINGS OR 
MICROMETER MACHINING ------- - 
-----.-- YOU CAN DO EITHER WITH 


| 
Lu 


O few shops come as varied ma- 

problems as are met at 

Midvale. From straight carbon steel 

on through the various alloys, from 

giant forgings down to small pre- 

cision units, all types of work go 

’ through the Midvale shops. Those 
same requirements of output and 


prompt delivery face Midvale that 
face you. And we have found the 
best insurance of low production 
costs, flow of work with mini- 
mum hold up—is the best 
tool steel we can give the 
man at the lathe. 
Midvale tool steel is 
the result of that expe- 
rience. It can serve you 
as wellasit now serves us. 


THE MIDVALE COMPANY NICETOWN PHILADELPHIA 


OFFICE- 
New York . Chicago . Pittsburgh . Washington . Cleveland . San Francisco 
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More than 


styles and 


HARDENING 2500 F 


sizes of 


““CERTAIN 
CURTAIN” 


VERTICAL 


furnaces 


BRT. ANNEALING 


bring precise 


atmosphere 


CONVEYOR HARDENING 
AND BRAZING 


control to 


heat treating 


DIE HARDENING 


processes from 


1200°  2500°F 


Request Bulletins, stating types you use 


C. HAYES, INC. 


129 BAKER STREET PROVIDENCE, R. |. 


R. G. HESS E. F. BURKE J. E. FIGNER 
Liberty St. i614 Prospect Ave 6388 Penn Ave. 
| New York, N. ¥ Cleveland, Ohio Pittsburgh, Pa. 
, L. C. LOSHBOUGH Cc. A. HOOKER 
8630 South Iron St. 22 Forest Ave 
Chicago, Il. Royal Oak, Mich 
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CONTROLLED GRAIN SIZE IN STEEL 


By T. Swinpen and G. R. Botsove; 


Abstracted from Journal of the Lron 
and Steel Institute, 1936, I, p. 457 


HE subject of controlled inherent grain siz 

has for many years been a common topic jy 
technical literature emanating particularly 
from the United States of America. It has not. 
however, received the serious consideration j) 
Britain which it most certainly merits. Thy 
reason, no doubt, is that there are practically 
no published data of actual experience j) 
Britain, a matter we have attempted to remedy 
in a three-year research. Undoubtedly in som: 
quarters the subject is still regarded with 4 
strong element of scepticism. 

One often hears the statement that “Grai: 
size control has long been practised and under- 
stood.” In one sense this is true — that is, s 
far as it relates to the influence of ingot siz 
casting temperature, amount of reduction i) 
section by hot work and grain refinement |) 
heat treatment. The term “inherent grain size 
is, however, something fundamentally diffe: 

It will be impossible to give the data whic! 
we have accumulated to prove that certa 
fundamental properties attach to fine-grained 
steel, which is usually spoken of in England as 
“body.” If one inquires carefully into 
experiences that have led to the statement tha! 
one piece of steel has more body than anotly 
it is not unusual to be told that the steel wil 
body is more “foolproof” in heat treatmen! 
and not so liable to deterioration by aging, 
It would be foolish to claim that fine-gratnec 
steel is the simple answer to the productio! 
steel having more body. The fact does rem 
however, that, judging by the standards so 0! 


employed in comparing steels from this Pp 


pos 


of view, fine-grained steel undoubted! 
sesses some of these characteristics to @ ! 


greater degree than coarse-grained steel. 
authors’ practice, it is now a matter of rou! 
procedure always to determine the 
as one of the fundamental factors 
quality. 

We decided to prepare from a 
carbon steel heats (openhearth), 
coarse-grained and also of fine-gra! 
from the same cast. In general, it ts 
the effect of fine grain, as against course > 
is to reduce slightly the maximum 


vield stress, to increase (Continued 
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r Flame-otrol Instruments Pro 
x 2 Large Gas Fired Boilers 


Model L101 
Price 365.00 


Flame Protection with Relight, 
Llectrix Ignition Air flow 
vi Time Delaw Relay for Purging 
= —" 
a, 
\ 


Adaptability to ordinary fuel combus- 
tion and positive protection under 


every conceivable operating condition 
was the reason for selecting the Flame- 


otrol. 


Flame failure, for any reason, instantly 
results in the shut off of the gas supply 
until the trouble is corrected and fur- 
nace, boiler, oven, or heater re-lighted 


in the normal way. 


Factory Mutual Approved 
The Flame-otrol works with any kind of gas, either 
high or low in B. T. U. content and with either 
a rich or a poor flame. Flame fluctuation has no 
effect. If the electrode is in the top, bottom or side 
of the flame, the fuel line remains open. Any con- 
tact ground of the electrode instantly results in fuel 
shut-off. 


| Complete Data and Information 
| Sent on Request. 


1929-33 S. HALSTED STREET - CHICAGO 


OHIO DALLAS, TEXAS 
Morrissey-Kantenberger Co 
5211 Ridgedale Ave 
( HIO DETROIT, MICH 
& Service Co James A. Harrison 


Rd 6432 Cass Ave 
'TLE, WASH 
trum 


ent Laboratories, 126 Elliott Ave.. 


NEW YORK CITY. N. Y PHILADELPHIA, PENN 
William Printz George W. Keller 
45 West 34th St 1501 Integrity Bidg 


INDIANAPOLIS, IND 
Instrument Eng. Co 
5690 N. Delaware St 


LOS ANGELES, CALIF PITTSBURGH, PENN SAN FRANCISCO, CALIF 
Jensen Instrument Co Clarke H. Joy Jensen Instrument Co 
624 E. Fourth St 420 Bessemer Bide 420 Market St 
: Canadian—Williams & Wilson Ltd., 544 Inspector St.. Montreal 137 
Ww Wellington St., Toronto 


August, 1937; Page 177 


Safeguards 2 Large Gas 
Fired Boilers in a large 
Confectionery Plant 


Against Explosion 


The 

\ = | 

= 

| 

| 

WHEELCO INSTRUMENTS CO. | | 


ELE 


TOCELL:--ELECTRIC::- 


IGHT RAY 


where 


GN 


Above are shown CELECTRAY Indicating Potentiometer 
Controllers in service at a prominent New England brass 
company’s plant, on 3 Hevi Duty Electric Heat Treating 
Furnaces. Built for rugged resistance to all plant condi- 
tions, these CELECTRAY Controllers provide a degree of 


sensitivity and split-second action that is unexcelled 


TAG offers the metal_industry an equally capable, com- 
plete line of high speed, photoelectric action CELECT- 
RAY Pyrometers for indicating and re- 
cording, as well as controlling 


Ask for the facts, and learn how these 
faster, more sensitive Pyrometers of su- 
premely simple design can be put in 
precise and economical service on your 
equipment... Send for Catalog 1101-76 


C. J. TAGLIABUE MFG. CO. 


Park & Nostrand Ave’s., N.Y. 
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CONTROLLED GRAIN SIZE IN STEEL 


(Continued from p. 174) slightly the ductility 9s 
shown by the elongation and reduction of ap: . 
and to increase very considerably the toughness 
as shown by the Izod test. Occasional heats os 
low impact value have always been expected j) 
steels containing about O40, carbon, but whe 
these are made fine-grained, adequate toug! 
hess is now consistently obtained. With increas. 
ing alloy content, and particularly whe 
treating, say, 1',-in. round bar, the same neces. 
sity for control of grain size does not exist 
although even in such steels a decided improv 
ment in the mechanical tests may be obtained 
It has been stated that the beneficial effects 
of inherent fine grain are offset by the lack of 
hardness penetration by quenching. However 
so far as carbon and alloy structural grades ar 
concerned, apart from the slight general lowe: 


ing of hardness for a given composition ai 
treatment of the steel, there is no reduced hard 
hess penetration in fine-grained steels and 
when judged by impact test results, there is less 
evidence of mass effect. 

Examination was made on a series of casts 
as to the effect of coarse and fine inherent g 
size on the impact value produced by cool: 
respectively in oil and in the furnace from th 
tempering heat. While reduced impact valucs 
are still obtained on steels normally subject 
temper brittleness, the percentage reduction 
impact value is lower than on = comparal! 
coarse-grained steels. Further, in view of t! 
higher impact values on the fine-grained 
ples quenched in oil, the specimens slow! 
cooled after tempering give definitely improve: 
results over those obtained on coarse-graiiicc 
steels. Quite similar results were found 
steels, particularly of the 
tvpe, that lose impact value when temper 
within the low range of 500 to 750° F. 

From a consideration of steel mill prac! 
the authors do not consider that the °> 


microscopic alumina nuclei” theory of + 
size control meets the facts, and thie) 
whether the later suggestion by MeQuat 
is. the effect of aluminum (bey: 
required for deoxidation) on the for 
ferrite from austenite and the coal 
the carbide —is entirely  satisfacto! 


incline to the view that the underly Pune 
mental concerned is the ultimat: gree 
deoxidation. 
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40 INCH POUND 


OLSEN STIFFNESS TESTER 
TOUR-MARSHALL DESIGN 
MOTOR DRIVEN 


The Olsen Stiffness Tester was designed 
for making rapid production control and acceptance 
tests of a great variety of materials in the form of sheet, 
strip, rod and wire. 


Some of the materials which may be tested are metal 
and plastic sheet, wire, clips, strips, rods, needles, light 
tubing, files, springs, saw stock, pen points, cutlery, thin 
abrasive wheels, hard rubber diaphragms, fibre sheet 
androds, mica laminations, cardboard, linoleum, crayon, 
wall board, pencil leads, stiff fabrics. Small finished 
articles with suitable adapters to clamp 
them in the machine can be tested for 
strength and elasticity. 


TINIUS OLSEN 


Testing Machines 
502 No. 12th St. Phila. Pa. 


SIMPLIFIED CLEANING 


For Heat Treating Departments 


DETREX SOLVENT DEGREASING 


A simple, high-speed 


cleaning process. Used 


on all kinds of metals. 
Removes all traces of 
oil or grease. 


Provides a clean, warm, 
dry surface without 
muss, fuss, or extra 
drying operations. 


Requires a minimum of 
manual labor. Insures a 


ted Detrex Degreaser Piping 


low unit cleaning cost. 
n front supphed bs user aa 
“els range from small. hand-operated units to large. 
tely automatic, convevorized machines. 


te for complete information, and booklet . . 
“Scientific Metal Cleaning” 


DET RhOIT REX PRODUCTS Co. 
et ining Engineers—Solvent Degreasing and Alkali Cleaning 
13019 Hillview Ave., Detroit. Michigan 
‘'ffiee: 130 W. 42nd St. Chicago Office: 201 N. Welle St. 
Cleveland Office: 812 Huron Road 


fugust, 1937; 


CONTINUOUS CLEAN HARDENING 


For lock washers, springs, needles, pen points 
wrenches, pliers and an endless variety of 


small and medium sized parts, these machines 
are proving highly satisfactory. 


The principle of inertia is employed to ad- 
vance work through a full muffle which remains 
in the heating chamber, thus conserving heat. 
The desired atmosphere can be carried in the 
muffle to insure clean work 


Write for Bulletin MP837 


American Gas Furnace Co. 


Elizabeth, New Jersey 
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If you are a regular user of SAE 
1112 for making screw machine 
parts, you will welcome the B& L 
grade of this Bessemer steel for 


your automatics. 


This old “standby” of screw stocks 
has been brought up to present- 
day standards by closely controlled 
production in B & L mills—insur- 
ing uniform quality with physical 


properties developed to fullest de- 
gree in cold drawing. 


It is nicely balanced to meet prac. 
tical screw machine require- 
ments, maintaining good ma- 
chinable character and preserv- 
ing dependability in the finished 
parts. It responds well to surface 
liquid hardening treatments. 


You'll like this better grade ot 
SAE 1112—specify it on your 


next order. 


COLD FINISHED SCREW STOCK 


COLD DRAWN BARS 
GROUND SHAFTING 
ULTRA-CUT STEEL 
ALLOY STEELS 


Gties BUFFALO. N.Y. 


Vetal Progress: 


FREE CUTTING ALUMINUM 


6. On the other hand, avoiding the use of 
alloying elements which must be imported 

7. No danger of contaminating the ney 
high strength alloys to their detriment through 
the re-use of the free-cutting alloy shavings, 

& Realization of the desired properties 
without complicated thermal and mechanica! 
treatment in the manufacture of parts from cas: 
and rolled material. 

Another point may be taken from Page| 
Ability to withstand hot working in dies, pa: 
ticularly on parts with large variations in cross. 
section. 

Finally it may be noted that anothe: 
requirement is similarity in price per unit yol- 
ume when compared to free-cutting brass. 

Next to the addition of lead to alumi- 
num, which he considers detrimental in many 
respects, H. Bohner considers to be most eff 
cacious the addition of alloys forming inter- 
metallic aluminum compounds not soluble in 
aluminum (for instance, silicon and zinc). 

H. Kastner reports the newest results of his 
investigations on the alloys based on aluminum- 
copper-magnesium and aluminum-magnesium- 
silicon. In a series of diagrams he covers 
exhaustively the addition to these of sodium, 
potassium, lead, cadmium, copper and lead, and 
zine and lead. He also gives new data on th 
Al-Mg. Sb, diagram and the Al-Cr diagram. 

Economical machining to a good surfac 
condition is not only the concern of the metal- 
lurgist but also a problem for the manufacture! 
of automatic screw machines and cutting tools 


This aspect was considered by H. Schallbro 
and H. Opitz in their papers in the Aache! 


symposium. Three aspects of the problem a! 


especially emphasized: (1) The cutting ability 
of the tool, (2) the form of the chip, and 
the quality of the surface of the work picce. 
temperature measurements at the cuttine 
of the tool H. Schallbroch established (i 
depending on the cutting speed and 


pressure, temperatures up to 250° ¢ re pl 
duced with brass and up to 300° C. and Nish 
with light metals. It can be concluded 
that in lead-bearing alloys the desi! 
chips result from melting at the gray bourne 
aries and consequent decrease 1! 
strength. Thus the low tensile stre! ol 
embedded lead plays an important P 

Hans Du 
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